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Need reliabilityP 
-40° to +85° 



EPIC™ XE-900 

1.0 GHz CPU 



Features 

XE-900 

XE-800 

XE-700 

CPU 

Via Eden 

AMD Geode GXI 

STPC 

Clock speed 

400 MHz; 733 MHz; 1.0 GHz 

300 MHz 

133 MHz 

BIOS 

General Software 

Phoenix 

Phoneix 

DRAM support 

to 256 MB 

to 256 MB 

32/64 MB 

Compact/Flash 

Type 1 or II 

Type 1 or II 

Type 1 or II 

COM 1 

RS-232 

RS-232/422/485 

RS-232 

COM 2 

RS-232 

RS-232/422/485 

RS-232/422/485 

COM 3 

RS-232 

NA 

RS-422/485 

COM4 

RS-232 

NA 

RS-232 

COM 5 

RS-232/422/485 

NA 

NA 

COM 6 

RS-422/485/TTL 

NA 

NA 

LPTI 

0 

0 

1 

EIDE 

2 

2 

1 

USB 

2 

6 

2 

CRT 

1600 x 1200 

1280 x 1024 

1280 x 1024 

Flat panel 

LVDS 

yes 

yes 

Digital I/O 

24-bit prog. 

48-bit prog. 

24-bit prog. 

Ethernet 

10/100 Base-T 

Dual 10/100 Base-T 

10/100 Base-T 

Expansion 

PC/104 & Plus 

PC/104 & Plus 

PC/104 

Power 

3.6A operating 

1,6A max. 

1,6A max 

Temp, range 

-40° to 70/85° C 

-40° to 80° C 

-40° to 80/85° C 

Shock/vibration 

40/5g 

40/5g 

40/5g 


Need Linux, QNX, Windows®P 
Try our OS EMBEDDER™ KITS 


Our kits are the shortest path to 
a successful OS on an Octagon 
embedded computer. 

• Pick your Octagon SBC 

• Pick the OS you prefer: Linux, 
Windows, QNX 

Octagon delivers a high 
performance, total solution. 




Typical Linux kit includes: 

• Target CPU card 

• Preloaded OS image on 256 MB 
industrial CompactFlash 

• 256 MB SO-DIMM module 

• Interface cables 

• Hard copy of manual 

• Mouse 

• CPU OS bootable CD 

• Optimized OS version 

• Full driver support for 
on-board hardware 

• X-Windows support 

• Example applications and 
source code 

• Extra documentation 














































Need PC/104 expansion? 
Try our XBLOKs® 


X-SRAM-2 MB 

• 2 MB high speed, SRAM 

• Read and write at full bus speed 

• Pointers to memory saved if CPU 
resets or loses power 


X-DIO-48 bit programmable 
digital I/O 

• 48 digital I/O, 5V compatible 

• Source and sink 16 mA per output 

• Direct connection to 
opto-module racks 

X-COM-2 dual UART 

• Up to 230.4 kBaud data rate 

• Supports RS-232/422/485 

• RS-485 fault protected to ±60V 

X-LAN-I Ethernet LAN 

• 10/100 Base-T, Intel 82551 ER 


XBLOKs offer the best compromise 
in cost and function for both PC/104 
and PC/104-P/us. Only 44% the size 
of a standard PC/104 card, you can 
add two functions to your system 
but increase the stack height by 
only one level. -40° to 85° C. Heat 
diagram shows enhanced cooling. 





• Fully plug-n-play 

• High performance, 

PCI bus interface 

X-USB-4 quad USB 2.0 

• Speeds up to 480 mbps 

• Mix and match USB l.l and 2.0 

• Current-limited ports can supply 
500 mA to external devices 



Need a fanless system? 
NGW CONDUCTION 

COOLING SYSTGM 


° *j 


Designed for the XE-900, 
our conduction cooling system 
eliminates a fan even at 1.0 GHz. 


For a full listing of 
Octagon Systems 
products, visit us at 

www.octagonsystems.com 


OCTAGON 


SYSTEMS = 





























Selecting the right Pentium 6 M-based 
computer has never been easier. 



SBS knows Intel® Pentium® M processors. We have the CompactPCI®, VME, 
PMC or AdvancedMC™ single board computer you need. 


Intel 6 

Communications 

Alliance 

Associate Member 

SILVER 



CE9 available with 
ROHS Compliance 


SBS HAS NINE INTEL® PENTIUM® M processor- 
based single board computers for you to choose 
from. So it's likely that we have exactly the board 
you need. And we offer many of our computers 
in several configurations, with 
various I/O types and chipsets 
designed for specific 
applications, from industrial 
to defense to telecommunications. 

We also offer you options when it comes to 
processor speeds and types, as well as memory 
configurations. Depending on the individual 
product, SBS can often give you the choice of a 


standard-duty product, an industrial-duty product 
with extended temperature ranges, or a rugged- 
duty option designed to survive extreme shock, 
vibration and temperature variations. 

After nearly two decades of 
designing embedded 
4 computing products, SBS 
can also offer you something 
that is perhaps even more 
important than product selection, and 
that is the benefit of our experience. So when 
it's time to select an Intel® Pentium® M processor- 
based single board computer, select SBS. 




A 


Technologies, 


SBS knows. Find the compact Intel® Pentium® M processor board you're looking for at 

www.sbs.com/pentiumm or call 800.SBS.EMBEDDED 




















www.rtcmagazine.com 



Features 


■ Technology in Context Industrial Ethernet 

14 Real-Time Ethernet is Reaching the Field for Industrial Control 

Frank Hansen, Altera 

20 EtherCAT: A Real-Time Industrial Fieldbus on Ethernet 

Paul Fischer, TenAsys 

25 DDS Over Ethernet Simplifies Industrial Automation 

Bob Kindel, Real-Time Innovations 

■ Solutions Engineering PC/104 Tackles High-End Apps 

31 EPIC Express: A Bridge to the Future for High-Performance I/O 

Susan Wooley, Micro/sys 

37 PCI Express Stacks Up in High-End Embedded Applications 

Colin McCracken, Ampro Computers 


■ Industry Insight DSP for Control and Inspection 

44 DSPs, Microprocessors and FPGAs in Control 

Shelley Gretlein, Gerardo Garcia and Joel Sumner, National Instruments 

50 DSPs + FPGAs Provide Flow Cytometry and Cell Sorting Solution 

Kristen K. Zaffini, BittWare 


■ Executive Interview 

55 RTC Interviews Len Crane, President and CEO, VersaLogic 


Software & Development Tools RTOS for DSP 

61 Evaluating Real-Time Operating Systems for DSP 

Tom Barrett, Quadros Systems 


■ Industry Watch 

71 PMCs: They’re the Real Thing 

David Compston, Radstone Embedded Computing 



EtherCAT tree topology. • Pg. 14 



The EPIC Express form-factor defines a 
1-bank and 3-bank PCI Express 
expansion connector. • Pg. 37 



VITA 31 VME Board Targets Rugged 
Mission-Critical Apps • Pg. 64 


Photo Credit: The containment vessel of the ASDEX Tokomak fusion reactor at the Max Planck Institute 
for Plasma Physics. The reactor uses an Ethernet Powerlink communications network to set up different 
experiments. Courtesy, Max Planck Institutfiir Plasmaphysik. 


March 2006 FMH5 





































March 2006 


RTC 


L 





Operate and 
survive under 
the most extren 
conditions with 
ruggedized E-Disk® 
solid-state flash drives and 
network storage solutions. 
BiTMICRO’s cutting-edge 
storage technologies offer utmost 
reliability, optimum data security and 
unmatched performance. 


Ethernet I Fibre Channel I SCSI IIDE/ATA 
USB I FireWire I cPCI VME I SATA I iSCSI 


PCI-X I PCI Express I SAS I Infiniband 


BiTMICRO 

ULTIMATE STORAGE S 0 L U T10 N S T “ 



BiTMICRO Networks, Inc. 
45550 Northport Loop E 
Fremont, CA 94538-6481 


^0 www.bitmicro.com 
M info@bitmicro.com 
m 510-743-3475 



Rugged CPU Boards and SBGs 
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3,5", VME, EPIC, ATX, Mini ITX, PICMG, 

PC/104 and PC/104-Plus formats. 


► Intel® Pentium® M up to 2.26 GHz 

► Operating temperature range from -40°C to +85°C 

► Reliable in harsh environment 

»Extensive communication capabilities 

► Low power consumption 


ESC Silicon Valley 

San Jose, CA 

Booth Ne 5001 
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KPM-S1 

• Custom embedded 

• Pentium M 2 GHz 

• 7520 chipset with up to 
8 GB DDR 400 

• ATI M26 Mobility Radeon 
graphics on PCI Express 


Let Dvnatem prouide uour next embedded processor solution 

IDYNATEMI 

www.dvnatem.com 800.543.3830 949.855.3235 saies@dynatem.com 

Dynatem, Inc., 23263 Madero, Suite C, Mission Viejo, CA 92691 


•VME64, VITA 31.1 

• Pentium M to 1.8 GHz 

• 855 GME chipset with 
embedded graphics 

• Low power consumption 

• -407+71 °C operation 


• CompactPCI, PICMG 2.16 

• Pentium M to 1.8 GHz 

• 855 GME chipset with 
embedded graphics 

•Two PMC sites 


CPM1 


DPrn 


uuhateuer vour Environment 


Conduction cooled versions of the VME and 
CompactPCI/PICMG 2.16 single board computers 

• Extended temperature to -407+85°C 
•Tested to MIL STD 810 and 901D 
•Tested to high shock/vibration 

• Conformal coating available 

• Customized interfaces supprted 

























GE Fanuc Automation 



Embedded Performance. 


Looking for an embedded computing solution that gives you a 
tremendous advantage over your competition? Look no further 
than GE Fanuc Embedded Systems. 

Featuring a comprehensive offering that includes Intel-based 
SBCs and complete I/O systems, industry-leading communications 
technology, rugged flat panel monitors and computers and more, 



Talon 8400 
Self Contained 
Embedded PC 

• Intel 733 MHz Celeron M processor 

• 256 MB of PC100/PC133 SDRAM 

• Dual Ethernet ports 

• Two Cardbus/PCMCIA slots 

• Three PC/104-Plus slots 

• 20 GB hard drive 

• Integrated power supply 

• Fanless operation 

• Windows XP Pro OS 

• Extended temperature and 
hazardous area models 



CPCI-7808 

Intel Pentium M CompactPCI 
Single Board Computer 

• PICMG 2.16/2.9 compliant 

• Processor speeds up to 1.8 GHz 

• Up to 2 GB DDR SDRAM 

• Dual PMC sites 

- 64-bit/66 MHz site 

- 32-bit/33 MHz site 

• Dual 10/100/1000 Ethernet Interface 

• Dual 16550-compatible serial ports 

• Three USB 2.0 ports 

• Serial ATA interface 

• Up to 1 GB CompactFlash 

• OS support for Windows XP, Windows 
2000, QNX, Linux, and VxWorks 


GE Fanuc Embedded Systems can support your full range of 
embedded computing needs to solve your greatest challenges. 
From standard product requests to a solution that is quickly and 
fully customized to your specific application, GE Fanuc Embedded 
Systems has the breadth, depth and support capabilities to provide 
a serious boost to your performance. 

Learn more atwww.gefanuc.com/embedded 



PMC696 

Intelligent Dual Gigabit Ethernet 
PCI Mezzanine Card 

• On-board high performance RISC 
processor 

- Up to 128 Mbytes of ECC DDR SDRAM 

- Dedicated TCP off-load engine 

- Built-in Ethernet failover capability 

• 64 bit/66MHz PCI-X internal 
high speed bus 

• Dual Gigabit Ethernet options 

- Fiber, lOOOBaseFX 

- Copper, 10/100/1000BaseTX 

• Trunking capabilities 



CP920 

CompactPCI Managed 
Gigabit Ethernet Switch 

• PICMG® 2.16 compliant 

• Layer 2/3/4 switching 

• Twenty-four 10/100/1000 Ethernet ports 

• PICMG® 2.9 Rev 1.5 IPMI compliant 

• PICMG® 2.1 Rev 2.0 hot swap compliant 

• 802.1p, 802.IQ VLAN, deep packet filter¬ 
ing, link aggregation, Rapid Spanning 
Tree (802.lw, 802.Id), broadcast storm 
control, port mirroring 

• Conduction cooled model available 

- Twelve 10/100/1000 Ethernet ports 



FANUC 


Embedded Systems 
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Telecom Is Not Dead 
It Is Undead 


by Tom Williams, Editor-in-Chief 


R emember AT&T? It was one rather unfondly known as 
“Ma Bell,” a huge regulated monopoly that ran the nation’s 
telecommunications network. At the same time it pro¬ 
duced technology, services and communications, it set policy, 
pricing, controlled access and created a rate structure that rivaled 
the Kabbalah for incomprehensibility. AT&T was broken up in 
1984 by the Federal Courts and split into the mother company 
and the so-called “Baby Bells,” the regional phone companies. 
The breakup of AT&T was greeted with a mixture of praise and 
sorrow, but since then (maybe or maybe not as a direct result) 
we have witnessed the burgeoning of the Internet, the spread of 
wireless services and the rise of many players large and small in 
the telecom arena. 

Now it appears that we are seeing one crabbed hand mov¬ 
ing spider-like over the edge of the coffin while the other pulls 
the stake from the heart so that the specter can rise once again 
to roam the world feasting on the blood of the living. Does this 
mean the eventual consolidation of the telecommunications mar¬ 
ket into one or two major players that, if not undead, will be un¬ 
regulated? Will any combination of garlic or crucifixes be able to 
stop such a development? 

Since the breakup of AT&T, quite a number of players have 
entered the market ushering in an era of competition, innovation 
and lower prices for consumers. SBC, the largest of the Baby 
Bells, then moved to acquire its former parent company late last 
year and has just recently adapted the AT&T name and logo. This 
sigil of the House of the Impaler was on my most recent phone 
bill. Now, this resuscitated AT&T has agreed to buy BellSouth in 
a $67 billion stock deal. BellSouth and AT&T were joint owners 
of Cingular Wireless, which will also become a wholly owned 
part of the new entity. As with the breakup, this development is 
being met with both optimism and trepidation. 

AT&T becomes the dominant carrier in 22 states and con¬ 
trols the majority of long-distance, wireless and high-speed digi¬ 
tal subscribers. The only serious U.S. competitor of any size is 
Verizon. In one sense, this appears to be a major blow in the on¬ 
going battle between the telcos and the cable companies, which 
among other things are vying to be the supplier of fiber to the 
home. In that rivalry, only one can prevail. Or, the winner to 
the home might be wireless, but that could run up against spec¬ 
trum limitations. Ten Gbit/s bandwidth is what will be needed to 


supply the “Triple Play” combination of voice, data and IPTV. 
Another consideration, of course, is that the telcos are feeling the 
hot breath of foreign competitors and possible acquisitions and 
size may be a defense against that as well. 

Of paramount importance is the question of the impact that 
such consolidation may have on consumers and the industries 
that hope to sell into the telecommunications market. It would be 
unfortunate if an unregulated duopoly were to put the brakes on 
what appears to be an era of exciting change, innovation and low 
prices. There is the school of thought that the large companies 
will be able to bring the new technologies and infrastructure that 
the end users are waiting for. However, the track record of the 
large telcos in the past is less than inspiring. Ma Bell was slow, 
stodgy and very proprietary. Some of us even remember the days 
when you couldn’t attach user-owned equipment to the phone 
system. The PR line out of AT&T and Verizon is, of course, that 
this development will bring about great things for the customer. 
We’re not going to buy that one just yet. 

The other question is whether companies selling to tele¬ 
communications equipment manufacturers or those manufactur¬ 
ers themselves will be negatively impacted by re-consolidation. 
Some say there is economic incentive for the telcos to adapt open 
standards like ATCA and AMC, the SAF interface specs and 
Linux. They may or may not do so. But even if they do, they will 
probably manufacture their equipment in-house or outsource it to 
contract manufacturers. This may be a reason that one major sup¬ 
plier of equipment appears to be withdrawing from the fight by 
shutting down and merging its networks division into a govern¬ 
ment and enterprise division. 

Our segment of the industry is going to have to be fast on its 
feet to keep up with developments. If the intent was to sell into a 
market composed of competing smaller companies whose inter¬ 
est was in building their value-add on open standards platforms, 
that logic might have to be re-thought. A market composed of 
only a couple of very large companies is a very different animal. 
It is probably a safe bet that this latest move is not yet the last, 
and a good deal of the battle is being fought with lobbyists in chic 
restaurants in Washington DC—on the proven experience that it’s 
easier to buy a Congressman than to innovate technology. It will 
all bear watching to see where it leads—both from the perspec¬ 
tive of our careers and our status as consumers, d 


March 2006 ^EHl 9 








INDUSTRY INSIDER 


March 2006 


Tom: 

I want to congratulate you and RTC for your 
January issue. It was a marvelous piece of fic¬ 
tion, punctuated by your telecom editorial, and 
the letters from “Slick” Dick Somes, and Joe 
“The Dreamer” Pavlat of PICMG. I rarely read 
fiction, but found this issue most entertaining 
and comical. If this was anything, it was an 
admission that telecom in nearly all forms is 
dead, and signaled the extreme danger in fol¬ 
lowing any of these faulty specifications. 

I hope you will cover the Ruggedized AMC 
effort when it comes into the V-56 committee 
as well as you have covered the paranoid and 
defensive responses from PICMG about their 
AMC and pTCA junk-products falling apart in 
a benign shock&vibe test held in Somes’ ga¬ 
rage using his 1977 Gremlin as the vibration 

PICMG Replies 

Dear Editor: 

The shock, vibration and seismic tests 
performed on the Advanced Mezzanine Cards 
reported to you recently were done in accor¬ 
dance with standards accepted worldwide for 
carrier grade equipment. Shock and vibra¬ 
tion testing was done in accordance with IEC 
61587-1 Performance Level DL1. The Seismic 
tests conformed to IEC 61587-2, ANSI T1.329 
and NEBS Level 3, Zone 4, which is an opera¬ 
tional test. 

These tests are rigorous and equipment 
that passes can take a severe beating. On 
9/11/2001 Verizon had several key switches 
within a one-block radius of the World Trade 
Center. When the Twin Towers collapsed, many 


source. AMC and pTCA are completely unus¬ 
able in anything BUT a benign environment, 
and they fit perfectly in the air-conditioned 
central office of a financially defunct telecom 
service provider. Misery does love company, 
as the saying goes. 

Again, my sincere applause to RTC for low¬ 
ering their standards of reporting and white¬ 
washing a very serious issue, and creating 
a very funny piece. I’m sure it made a lot of 
well-informed engineers and users who read 
RTC laugh until their morning coffee shot out 
of their noses... 


of these wire center buildings suffered exten¬ 
sive and severe damage. However, much of 
the NEBS-certified equipment in these build¬ 
ings continued to switch the traffic that was 
so vital to the rescue and recovery efforts. 
There was actually a Lucent 5ESS(R) switch in 
one of the sub-basements of the Twin Towers, 
and it continued to switch calls from under the 
rubble pile until its batteries finally ran down 
around a day after the collapse. 

Joe Pavlat 

President, PCI Industrial Computer 
Manufacturers Group 


With my best regards, 
Ray Alderman 
Executive Director, VITA 


Mercury Partners with 
Image Management 
Specialist Acuo 

Mercury Computer Systems 
has announced an extended 
partnership with Acuo 
Technologies, a provider of 
medical image management 
and archiving solutions, at the 
European Congress of Radiology. 
As part of this cooperation, 
Acuo, in collaboration with U.S. 


service providers, will include 
Visage PACS, Mercury’s image 
management solution, as a 
bundled offering in its application 
service provider (ASP) offering in 
the United States. 

In cooperation with other 
providers, Acuo Technologies 
has created a completely hosted 
solution for healthcare IT, 
including image-information 
and other management systems. 


Under this partnership, hospitals, 
clinics and physicians are able to 
access the Web-based software 
from Visage PACS locally via 
Acuo’s peer-aware architecture, 
or centrally via data center- 
hosted solutions. Radiologists 
and clinicians can access the 
PACS solution at any time via 


the Internet and retrieve medical 
imaging data for interpretation, 
as well as archive image data 
in the data center. Visage PACS 
offers comprehensive workflow 
optimization and supports 
standards such as IHE and HL 7. 

In addition, hospitals opting 
for this outsourcing solution 
can reduce the total cost of 
ownership. “Users only have 
to pay a usage fee, per study or 
monthly, for example. Further 
investments for IT infrastructure 
and software licensing are not 
needed,” emphasized Shannon 
Werb, CTO at Acuo Technologies. 
“Our provider partners make the 
necessary infrastructure available 
in the data processing center and 
undertake the entire hardware 
and software maintenance. Thus, 
the users’ expenditure of time and 
costs is dramatically reduced. 
Because data are accessed via 
VPN, ultimate data protection is 
ensured.” Ten imaging centers 
and clinics in the United States 
have already signed up for the 
ASP services. 

Celoxica Joins Tl’s Third- 
Party DSP Program 

Celoxica has joined the Texas 
Instruments Incorporated 

TMS320 third-party program 
and presented its DSP-FPGA 
design solutions during the 2006 
TI Developer Conference (TIDC) 
in Dallas, Texas. Celoxica’s 
electronic system level (ESL) 
technology provides a C-based 
design and synthesis flow for 
DSP-FPGA system development. 
It leverages API specifications for 
DSP-FPGA communication and 
allows creation of applications 
and IP to a single set of standard 
interfaces independent of board 
level detail. Celoxica’s design 
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The QNX Neutrino 
microkernel OS has 
the perfect DNA for 
multi-core processors" 

Dan Dodge. QNX CEO & CTO. 

Pioneer in distributed and multiprocessor computing. 


Introducing the QNX® Momentics® development suite 

Multi-Core Edition, the industry’s most comprehensive 
software platform for multi-core systems. Powered by the 
massively scalable QNX Neutrino® RTOS, this fully integrated 
solution supports AMP, SMP, and BMP, a groundbreaking 
technology that simplifies code migration and future-proofs 
your designs for quad-core and beyond. It’s the latest 
innovation from QNX Software Systems, the undisputed 
leader in multiprocessing technology. 


QNX Unlocks the Power of Multi-Core 

Maximize performance. Eliminate complexity. 
Accelerate migration. Only QNX offers: 



Maximum Choice for Multi-Core 


Only QNX gives you the power to choose the best multiprocessing 
model for your multi-core design: 


Asymmetric Multiprocessing (AMP) for full 
developer control and fault tolerance 

Symmetric Multiprocessing (SMP) for maximum 
concurrency and scalability 


_ 

SMP 

BMP 

AMP 

Seamless resource sharing 


v' 

— 

Scalable beyond dual-core 



Limited 

Mixed OS environment 

— 

— 


Dedicated processor by function 

— 

>/ 

>/ 

Inter-core messaging 

Fast 

(OS primitives) 

Fast 

(OS primitives) 

Slower 

(application) 

Thread synchronization between cores 

v' 


— 

Dynamic load balancing 

v' 


— 

System-wide debug & optimization 



— 


Bound Multiprocessing (BMP) for the fastest 
code migration and minimum design complexity 

Transparent Inter-Processor Communication 
(TIPC) protocol for seamless Linux connectivity 

System tracing tools for fast debugging and 
optimization of multi-core applications 

Off-the-shelf BSPs for multi-core platforms based 
on MIPS®, PowerPC®, and x86 architectures 


Discover how Dan and the QNX team deliver the shortest 
migration path to multi-core. Call 1 800 676 0566 or 
visit www.qnx.com/innovate. 



QNX, Momentics, and Neutrino are trademarks or registered trademarks of QNX Software Systems GmbH & Co. KG and are used under 
license by QNX Software Systems International Corporation. All other trademarks belong to their respective owners. 301786 MC339.05 
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solutions support other popular 
design environments such as TTs 
Code Composer Studio Integrated 
Development Environment, 
Mathworks’ Simulink and 
Diamond from 3L. 

“The C-based design flow for 
software and the programmable 
hardware components of a system 
broadens the reach of DSP-based 
solutions containing FPGA 
technology. Celoxica’s design 
solutions enhance the development 
experience of our customers who 
need to reduce design time and 
accelerate complex algorithms,” 
said Jennifer Skinner-Gray, 
worldwide DSP partner network 
manager, TI. 

TI’s TMS320 third-party 
program is an extensive collection 
of global DSP development 
support. With more than 650 
independent companies and 
consultants, TI’s customers have 
easy access to a broad range of 
application software, development 
hardware and software and 
consulting services. 

GE Fanuc to Purchase 
Assets of Condor 
Engineering 

GE Fanuc Embedded Systems 
announced that it has signed 
an agreement to purchase the 
assets of Condor Engineering, 
including test and simulation 
products, embedded boards and 
core technology to meet the 
data communications needs of 
commercial and military aircraft 
manufacturers and suppliers. 
According to Maryrose Sylvester, 
President and CEO of GE Fanuc 
Automation, “The innovations 
that Condor Engineering has 
brought to the burgeoning avionics 
industry are well recognized as 
quality solutions, and we plan to 
build on that reputation to further 
serve the industry.” 

Condor Engineering, located 
in Santa Barbara, California, 
brings a broad and international 
customer base within both the 
aerospace and defense industries. 
The company’s product set 
includes powerful hardware 
interface solutions for application 
engineers, extensive high- 
level API libraries for software 


developers, GUI monitor and 
control programs for integrators 
and test engineers, and core logic 
for embedded designers. 

This technology supports F-16, 
F-18, F-22, C-17, C-130, Airbus 
and Boeing aircraft. Test and 
Simulation products include 
COTS avionics communications 
solutions including CompactPCI, 
PCI, PMC and VME platforms. 
The transaction is expected to 
close in the near future, subject to 
customary closing conditions. 

PLX Technology Design 
Contest for PCI Express 

PLX Technology has announced 
the PLX PCI Express Design 
Contest, which gives engineers 
worldwide the opportunity to 
display their PCIe expertise and a 
chance to win a $1,500 prize. The 
contest calls for each participating 
designer to write an application 
note on a unique design using 
the PLX ExpressLane PEX 8111 
PCIe-to-PCI bridging device, 
then submit it to PLX by May 
26. All entries will be evaluated 
and judged by a panel of PLX 
engineers and managers. The 
winning design, which will be 
announced June 12, will garner 
its developer a $1,500 American 
Express Gift Card. 

Full documentation on the 
PEX 8111 bridge—including 
product brief, data book, press 
announcements and design 
notes—can be found at 
www.plxtech.com/products/pci_ 
express/PEX8111/default.asp. 

Designers interested in taking 
part in the PLX PCI Express 
Design Contest simply need to: 

1. fill out a completed entry 
form at www.plxtech.com/ 
Design_Contest/design_ 
contest_entryform.htm; 

2. write an application note 
featuring the PEX 8111 
device; and 

3. submit the entry form and 
final application note to 
designcontest@plxtech.com 
by May 26, 2006 at 12:00 
a.m. (PDT). 

Full details of the contest, 
along with rules and regulations, 
are at www.plxtech.com/Design_ 


Contest/design_contest_rules. 
htm. All participants will be 
notified of the judging panel’s 
selection by June 12, 2006. 

SOMA Brings Triple Play 
to the “Last Mile” with TI 
DSPs 

Texas Instruments has 
announced that SOMA Networks 
is using TI’s TMS320C5509A 
digital signal processors (DSPs), 
TMS320C5416 DSPs and 
TMS320C6415 DSPs within 
SOMAport 300 Wireless 
Broadband Gateway modems 
and SOMA Macro Base Stations, 
to bring its last-mile technology 
to customers around the world. 
TI supplies digital processors to 
meet the compact yet demanding 
component needs of SOMA 
Networks, from the ultra-low 
power C5509A DSP to the high- 
performance C6415 DSP. 

SOMA Networks’ SoftAir 
wireless systems have been 
enabling service providers 
around the world to implement 
standards-based solutions that 
meet their business requirements. 
The SoftAir platform delivers 
primary-line voice, multi¬ 
megabit broadband access and 
future 802.11 wireless access 
capabilities, to residential and 
small office subscribers. The 1 
GHz TI C6415 DSP is included in 
the SOMA Macro Base Station, 
which serves a typical cell radius 
of up to ten miles and thousands of 
subscribers at 12 Mbits/s. Along 
with the C5509A DSP-enabled 
SOMAport 300 wireless gateway 
modem, service providers can 
offer fully converged voice and 
broadband services to a wide 
range of geographic regions. 

In areas where installing 
copper or fiber is impractical, 
SOMA Networks offers service 
providers a complete turnkey 
wireless solution that can be up 
and running within a matter of 
weeks rather than years. The 
SOMA solution does not require 
line-of-sight access to a base 
station or an external antenna, 
greatly simplifying installation 
and deployment. 


Fiber-to-the-Home 
Subscribers Increase 70% in 
the Last Third of 2005 

Two leading telecommunications 
industry organizations, the Fiber- 
to-the-Home (FTTH) Council and 
the Telecommunications Industry 
Association (TIA), have announced 
new estimates showing FTTH 
deployments now passing over 3.6 
million U.S. homes, an increase 
of almost 1 million homes in four 
months. The new figures, released 
prior to the FTTH Council’s quarterly 
meeting in Washington, DC next 
week, show the most rapid growth 
of FTTH deployment to date, with 
more than 230,000 additional homes 
passed every month. 

“Typically telecom construction 
slows in winter months,” said Michael 
Render of market research firm 
Render, Vanderslice and Associates, 
which prepared the estimates. “To 
see acceleration at this time of year 
indicates increased preference for 
FTTH as an infrastructure of choice.” 
The figures also show acceleration 
among homes connected by FTTH, 
which normally lags homes passed 
by several months. Over the last four 
months, the estimate shows homes 
connected with FTTH have increased 
by 70% to 548,000 subscribers from 
322,000. 

“This is a good sign, but we have 
to keep it up,” TIA President Matt 
Flanigan said. “The nations that 
build extremely fast networks will 
gain very significant advantages. 
The United States must win the 
bandwidth race.” Both organizations 
have urged policymakers to reduce 
barriers to next-generation broadband 
deployment, such as streamlining 
cable television franchising processes 
and allowing municipalities to build 
broadband networks. 
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Industrial Ethernet 


Real-Time Ethernet 
is Reaching the Field for 
Industrial Control 


There are a number of solutions for implementing an industrial 
fieldbus using proven and widespread Ethernet technology. To do 
so, they must address real-time issues and cost. A number of cost- 
effective implementations can be achieved with EPGA technology. 


by Frank Hansen 
Altera 


Principles of High-Precision Real-Time Communication 



Schwager, University of Reutlingen, Germany). 


I n 2003, about 30 years after the first de¬ 
velopments on Ethernet by Xerox (later 
standardized as IEEE 802.3), the IEC 
in Geneva developed the standardization 
process for Real-Time Ethernet (RTE) to 
use Ethernet as a fieldbus alternative. Cur¬ 
rently, industrial Ethernet is vigorously 
establishing itself in automation technol¬ 
ogy, and several promising approaches for 
RTE are forcing their way into the mar¬ 
ket. Besides the numerous devices that 
are already being employed in the indus¬ 
try, there are flexible and cost-effective 
FPGA-based implementations available. 
These will foster the further establish¬ 
ment of the standards while maintaining 
the highest possible levels of flexibility. 

The RTE standardization process 
was driven by the development of indus¬ 
trial communication systems from differ¬ 
ent vendors. In 2001, the Austrian com¬ 
pany B&R introduced the first approach 
for RTE with “Ethernet Powerlink.” There 
are currently several organizations and 
many companies working to define an 
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application protocol for Real-Time Indus¬ 
trial Ethernet. The Website http://www. 
real-time-ethernet.de provides a good 
overview on the different solutions (cur¬ 
rently 17), vendors and supporting organi¬ 
zations (Table 1). 

What does “real time” mean in the 
context of the automation industry? It is 
specified as a defined or deterministic time 
in which a system or component can react 


to an external event. For communication 
tasks, not only the defined latency (cycle 
time) is important, but the jitter also has to 
be limited. Some automation or drive ap¬ 
plications demand cycle times of less than 
100 pis and jitter less than 1 pis. With stan¬ 
dard Ethernet jitter, specifications of only 
100 pis to 3 ms are possible. The various 
RTE approaches, such as Ethernet Power- 
link, EtherCAT, Sercos III, ProfiNet and 
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- Programmable User Interface: 

• I/O Ports 

• address/data bus 

• serial interface 


Figure 2 


Block diagram of the EPSG-FPGA implementation with a Cyclone FPGA 
and, for example, a Nios II processor. 


Ethernet/IP, differ significantly and are not 
compatible with one another. 

The basic approach to ensure real¬ 
time communications is the use of a master 
to control the timing behavior of the data 
transfer to the slaves on the bus. Ethernet- 
Powerlink, EtherCAT and SERCOS-III 
are based on this principle. ProfiNet Iso¬ 
chrone Real Time (IRT) works with inter¬ 
nal switches in all devices to handle the 
synchronization. Other approaches, like 
JetSync and Ethernet/IP CIP Sync, use 
time stamps for the synchronization. 

The RTE systems have set the goal of 
enabling high-speed, real-time communi¬ 


cation on the basis of the Ethernet trans¬ 
mission technique. To do this, all systems 
use specific real-time protocols and, for 
real-time communication, go without the 
TCP/IP protocol used in standard Ether¬ 
net (Figure 1). The following basic tech¬ 
nologies and features of Ethernet Power- 
link, EtherCAT, SERCOS III and, very 
briefly, Ethernet/IP and ProfiNet 10, are 
described. All are supported by industrial 
organizations and leading vendors. 

Ethernet Powerlink 

Ethernet Powerlink is an open real¬ 
time solution that was standardized by the 


Ethernet Powerlink Standardization Group 
(EPSG). Powerlink is compatible with the 
IEEE 802.3u standard for Fast Ethernet. 
In this way, it is possible to transmit all IP- 
based protocols, such as TCP, UDP and 
http, simultaneously with the hard real¬ 
time data. Ethernet Powerlink and Ether¬ 
CAT were developed from the beginning 
as RTE solutions. So right from the start, 
the focus in the development of Ethernet 
Powerlink was on achieving very short 
cycle times of several hundred micro¬ 
seconds with very tight synchronization 
tolerances below 1 ms. These framework 
conditions ensure that Ethernet Powerlink 
can also be used to connect and synchro¬ 
nize very dynamic drive systems. Simul¬ 
taneously, bandwidth is reserved to ensure 
a spontaneous exchange of data between 
the automation devices, using TCP/IP for 
instance. Up to 256 stations in the network 
can be handled, with jitter at all stations 
less than 1 pis. 

Ethernet Powerlink uses isochronous 
Slot Communication Network Manage¬ 
ment (SCNM). With Ethernet Powerlink 
having the same topologies as Fast Eth¬ 
ernet (star, tree and line structures), up 
to 100m segment length and the usage of 
Category 5 patch cables is possible, both 
enabling cost-effective solutions com¬ 
pared to traditional fieldbus systems. 

EtherCAT 

EtherCAT is an open real-time solu¬ 
tion that was developed by Beckhoff and 
is supported by the EtherCAT Technol¬ 
ogy Group (ETG). With EtherCAT, it is 
possible, for example, to transmit 1,000 
distributed I/O data points in 30 pis or to 
synchronize 100 axes in 100 pis. Ether¬ 
CAT is flexible with regard to the instal¬ 
lation, supports line as well as tree or 
star topologies and does all this with¬ 
out active network components such as 
switches or hubs. 

With EtherCAT, the costly Ethernet 
star topology can be replaced with a sim¬ 
ple line or tree structure—no expensive 
infrastructure components are required. 
All types of Ethernet devices can be inte¬ 
grated via a switch or switch port. Where 
other real-time Ethernet approaches re¬ 
quire special master or scanner cards, 
EtherCAT manages with very cost-effec¬ 
tive standard Ethernet network interface 
cards (NICs). 


RTE Solution 

Organization 

Special 

Ethernet 

Controller 

Principle 

Ethernet Powerlink 

EPSG 

No 

Master/Slaves 

EtherCAT 

ETG 

Yes 

Master/Slaves 

SERCOS-III 

IGS 

Yes 

Master/Slaves 

Ethernet/IP with CIPSync 

0DVA 

Yes 

Time Stamps 

Profinet/IRT 

PN0 

Yes 

Internal Switches 

Other RTE solutions: RTnet, JetSynC, PowerDNA, SynqNet, SynUTC, Precision Time Protocol (IEEE 

1588), RTPS, Vnet/IP, EPA, SafetyNETp, Switch with Time Server, TCnet 


Table 1 Overview of the different available RTE solutions. 
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On the hardware side, EtherCAT 
technology is located in EtherCAT termi¬ 
nals. In contrast to bus terminals, where 
the fieldbus protocol data is converted 
within the bus coupler to the internal, 
fieldbus-independent terminal bus, the 
EtherCAT protocol remains fully intact 
down to the individual terminal. In ad¬ 
dition to EtherCAT terminals with E-bus 
connection, the proven standard bus ter¬ 
minals with K-bus connection can also be 
connected via an EtherCAT bus coupler. 
This ensures compatibility and continuity 
with the prevalent system. Servo drives, 
fieldbus boxes, embedded PCs, Ethernet 
PCI cards and control panels with control 
functionality already offer inherent Ether¬ 
CAT capability. 

SERCOS 

The SERCOS Interface Interest Group 
(IGS) is a global association that is respon¬ 
sible for the commercialization, certifica¬ 
tion, further technical development and 
standardization of the SERCOS interface 
real-time communication standard. 

Since its inception in the 1980s, the 
SERCOS interface has built support as a 
standardized (IEC61491) means of com¬ 
munication between motion controllers 
and digital drives, I/O and sensors. A 
number of control and drive manufactur¬ 
ers worldwide offer SERCOS interface 
products. 

The challenge was to create the best 
of both worlds and combine the high band¬ 
width and low cost of the non-determinis- 
tic Ethernet with the deterministic perfor¬ 
mance and standardized parameters of the 
SERCOS interface. The SERCOS-III solu¬ 
tion places the standard Ethernet TCP/IP 
under control of the motion bus and uses 
lower-cost Ethernet hardware and twisted¬ 
pair copper cable. This maintains the de¬ 
terministic motion control of the SERCOS 
interface, allows links to the existing man¬ 
ufacturing communications infrastructure, 
provides for the possibility of new features 
and lowers hardware costs. 

SERCOS-III offers the added ben¬ 
efits of providing integration of IP proto¬ 
cols, new cross communication between 
slaves, synchronization of several motion 
controls, line or ring topology and fault 
tolerance in case of a break in the ring. A 
low-cost FPGA communication controller 
can be used to handle all sequencing and 


synchronization tasks, relieving the host 
microprocessor of these time-intensive 
functions. With the SERCOS-III IP core, 
manufacturers of components and systems 
can combine the SERCOS-III hardware 
and their own logic components in one 
common FPGA. This approach lowers 
cost, maintains determinism and provides 
transmission speed to 100 Mbits/s. 

For the sake of completeness, the main 
and earliest RTE approaches are Ethernet/ 
IP and ProfiNet. The Industrial Ethernet 
Protocol (Ethernet/IP) was developed by 
ODVA and Rockwell Automation and is 
based on a protocol extension on Layer 7. 
For the application protocol, the Common 
Industrial Protocol (CIP), which is known 
as the application layer from DeviceNet 
and ControlNet, is used. Ethernet/IP was 
extended with CIP Sync to provide real¬ 
time data transfer. All RTE components 
in the network must have implemented a 
synchronization device based on the IEEE 
1588 standard. 

ProfiNet was developed by Siemens 
and the ProfiBus association (PNO). Pro¬ 
fiNet offers three performance classes: 
standard communication (using TCP and 
UDP), real time (RT) and IRT. To handle 
“hard” real-time applications ProfiNet 
offers IRT integrated in special ASICs. 
These ASIC solutions integrate not only 
the Ethernet controller but also a switch to 
support line infrastructures. 

Example Implementation: 
Ethernet Powerlink 

Unlike the other RTE approaches, 
Ethernet Powerlink can be implemented 
with any standard Ethernet chip and does 


not need a special Ethernet controller. Ap¬ 
proaches developed in-house on an ASIC 
basis could ultimately be somewhat faster; 
nevertheless, as many proprietary fieldbus 
developments have shown, limitation to 
a single chip manufacturer, restrictive li¬ 
censing or patent issues, as well as avail¬ 
ability issues, can turn into a disadvan¬ 
tage. For this reason, one of Ethernet Pow- 
erlink’s most important advantages is the 
fact that the protocol can be implemented 
on any standard Ethernet hardware and on 
any corresponding chip. 

The Ethernet Powerlink devices al¬ 
ready being used today are based on dif¬ 
ferent chip architectures that range from 
designs with standard processors to pro¬ 
grammable FPGA hardware. The device 
manufacturer can decide which chip best 
meets its requirements. A solution with an 
optimized, license-free Powerlink inter¬ 
face, hub logic and a processor core can 
be realized, for example, in a cost-opti¬ 
mized FPGA plus one external PHY. In 
this way, manufacturers of cost-sensitive 
devices (like small sensors) have access to 
a universal, flexible architecture that can 
be adapted to the needs of the application. 
Altera and other Ethernet Powerlink part¬ 
ners offer a reference design for plug-and- 
play solutions. Very few device manufac¬ 
turers have the time and the in-house re¬ 
sources to acquire the expertise for setting 
up and fully implementing a communica¬ 
tion protocol such as Powerlink. It is usu¬ 
ally better to concentrate on the primary 
competencies in the device function and 
ensure a high-speed, high-quality network 
connection. Several companies offer cus¬ 
tom services and components that make 
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Powerlink fast and easy to implement. 
The customer can take advantage of turn¬ 
key software stacks and reference boards 
for different chip architectures. 

ASIC, Microcontroller or FPGA? 

In principle, there are different possi¬ 
bilities for implementing Ethernet Power- 
link. It can be completely implemented in 
software without limiting the real-time ca¬ 
pabilities. In a typical new implementation 
in an embedded design, both the Ethernet 


Powerlink communication and the corre¬ 
sponding applications usually run on the 
microcontroller. A system that already ex¬ 
ists can also be easily equipped with Eth¬ 
ernet Powerlink functionality by adding 
a special microcontroller that takes over 
the Powerlink communication. This addi¬ 
tional microcontroller can also be in the 
form of an FPGA with a microcontroller 
core and the corresponding Ethernet con¬ 
troller. In this case, the Powerlink proto¬ 
col software is executed completely by the 


additional microcontroller or FPGA so 
that the application on the system CPU is 
not affected (Figure 2). 

Solutions that are completely based 
on an FPGA are particularly flexible. This 
solution particularly benefits manufactur¬ 
ers of actuators and sensors. These com¬ 
panies can then react quickly to changing 
market requirements while significantly 
reducing front-end costs. This provides 
suppliers of cost-critical automation com¬ 
ponents with a universal, flexible architec¬ 
ture that they can adapt to the given appli¬ 
cation. The FPGA-based solution offers 
several advantages for the establishment 
of the EPSG standard: 

• Universal EPSG interface 

• Reprogrammability 

• Optimized frame filter 

• Flexible processor core for applica¬ 
tions 

• Configurable peripheral functions and 
interfaces 

• Reduced costs 

The first FPGA-based Ethernet Pow¬ 
erlink implementation (EX082) was de¬ 
veloped by the EPSG. A single Cyclone 
FPGA contains a license-free, optimized 
Ethernet Powerlink interface, the hub 
logic and a processor core. This makes 
a low-priced and future-proof solution 
available for realizing EPSG-capable Eth¬ 
ernet nodes (Figure 3). The board can be 
configured with a boot PROM or via the 
serial interface. Sixteen optimized hard¬ 
ware filters ensure trouble-free sending 
and receiving operations with the power¬ 
ful 16-channel MAC unit. A 32-bit soft¬ 
core processor can be used for processing 
the Powerlink protocol and the applica¬ 
tion. Besides the two RJ45 jacks and the 
two PHY components, there are also the 
node switches and a LED status display 
on the board. Interfaces to the address/ 
data bus, external flash memory and serial 
I/Os that supplement the functional range 
of the reference design beyond the EPSG 
evaluation boards are available, d 
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For data-critical 
networked applications 

At the end of the day, mission success relies on the ability 
to respond to changes in an instant. Designers of mission- 
critical combat systems count on Real-Time Innovations 
(RTI) for fast and reliable standards-based software to 
communicate real-time data over a network. RTFs NDDS 
middleware supports the DDS standard and is widely used 
in military and aerospace applications today. 
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Industrial Ethernet 


EtherCAT: 

A Real-Time Industrial 
Fieldbus on Ethernet 


EtherCAT fieldbus systems are based on technology and techniques 
designed to overcome the performance and determinism limitations 
associated with other attempts to utilize Ethernet packets and 
hardware to support an industrial fieldbus. 

by Paul Fischer 
TenAsys 
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A single EtherCAT data object delivered inside a single Ethernet packet. 


Figure 1 


A number of Ethernet fieldbus solu¬ 
tions use fieldbus masters to send 
Ethernet packets to individual 
fieldbus slaves, or broadcast to a group of 
fieldbus slaves. This usually takes the form 
of a fieldbus packet encapsulated inside an 
IP packet such as UDP. The fieldbus mas¬ 
ter must then wait for the slaves to pro¬ 
cess the received data and respond to the 
fieldbus master via a response packet. 

In an EtherCAT fieldbus system, 
Ethernet packets are delayed only a few 
nanoseconds by each slave in the chain 
because the slave reads and writes to the 
encapsulated datagram each time it is re¬ 
ceived. Ethernet packets are “processed 
on-the-fly.” Each slave extracts data bits 
inside the Ethernet packet addressed spe¬ 
cifically to it, while simultaneously for¬ 
warding the packet to the next device in 
the chain. Similarly, data to be returned 
to the EtherCAT master is inserted on- 
the-fly while the packet is processed by 
the slave, as the Ethernet frame passes 
through the device. 

EtherCAT fieldbus masters are built 
using commercially available standard 
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network interface cards (NICs). Ether¬ 
CAT fieldbus slaves utilize a device called 
a Fieldbus Memory Management Unit 
(FMMU) that can read, write and forward 
EtherCAT Ethernet packets on-the-fly. It 
is possible to build high-performance, de¬ 
terministic, fieldbus systems that are flex¬ 
ible, expandable and cost-effective using 
standard Ethernet cables and connectors. 

An EtherCAT fieldbus avoids the de¬ 
terminism problems associated with packet 
collision on standard Ethernet networks 
(like most TCP/IP networks in operation 
today) by isolating the fieldbus network 
segments from conventional network seg¬ 
ments. Ethernet packets are placed onto the 
EtherCAT network by an EtherCAT mas¬ 
ter where they are processed on-the-fly by 
EtherCAT slaves. This process on-the-fly 
technique accommodates bandwidth utili¬ 
zation approaching 97% utilization, or the 
equivalent of 97 Mbits/s using 100 Mbit/s 
Ethernet hardware. 


Standard Ethernet 

A key goal of the EtherCAT fieldbus 
is to use standard Ethernet packets so 
that one can utilize standard, low-cost, 
100 Mbit/s Ethernet connectors, cables, 
switches and silicon (for 100Base-TX 
and 100Base-FX media). Packing useful 
bits and bytes into each Ethernet packet 
for on-the-fly read and write operations 
by multiple EtherCAT slaves is the key to 
maximizing usage of standard Ethernet 
packets. 

By definition, Ethernet packets de¬ 
signed for 100 Mbit/s media have a mini¬ 
mum size of 64 bytes and a maximum 
size of 1518 bytes. After subtracting the 
standard Ethernet packet overhead of 18 
bytes (Destination Address, Source Ad¬ 
dress, Frame Type and Frame Checksum), 
a minimum size Ethernet packet can de¬ 
liver a 46 byte payload, whereas a maxi¬ 
mum size packet can deliver 1500 bytes 
of data. An EtherCAT datagram, the 
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Multiple EtherCAT data objects delivered inside a single Ethernet packet. 


Figure 2 


EtherCAT data object stored inside an 
Ethernet packet, has an overhead of two 
bytes per Ethernet packet plus 12 bytes 
per EtherCAT datagram. This leaves room 
for 32 EtherCAT data bytes in a minimum 
size Ethernet packet to 1486 EtherCAT 
data bytes in a maximum size Ethernet 
packet (Figure 1). 

An Ethernet packet that contains an 
EtherCAT datagram can be easily iden¬ 
tified as an EtherCAT packet because it 
contains an EtherType number in the Type 
field equal to 0x88A4 (hex 88A4), a num¬ 
ber that has been issued by the IEEE Reg¬ 
istration Authority for use with EtherCAT- 
type Ethernet packets. It also ensures that 
standard Ethernet hardware can transmit 
and receive EtherCAT network packets. 

A single Ethernet frame can con¬ 
tain more than one EtherCAT datagram, 
which might be appropriate for complex 
EtherCAT fieldbus systems. In that case, 
the Ethernet packet takes on the format in 
Figure 2. 

If an EtherCAT packet needs to 
be routed over a standard TCP/IP net¬ 
work, it can be transported inside a 
UDP packet, where it is marked for easy 
identification using UDP port number 
34980 (0x88A4), a number assigned by 
the Internet Assigned Numbers Author¬ 
ity (IANA) for transport of EtherCAT 
packets over TCP/IP networks. Ether¬ 
CAT packets embedded inside a UDP 
packet have a format similar to those 
shown in Figures 1 and 2. 


Near Maximum Performance 

By efficiently packing EtherCAT data 
into each Ethernet packet it is possible for 
an EtherCAT network to utilize nearly 
100% of the available bandwidth of 100 
Mbit/s. Achieving high bandwidth utiliza¬ 
tion, however, also requires that one step 
back from the standard collision detection 
(CSMA/CD) mechanism that is common 
to most Ethernet networks. 

Ethernet packet collisions are avoided 
by controlling access to the EtherCAT 
fieldbus, or by segmenting the network 
into EtherCAT network segments. A typi¬ 
cal EtherCAT master transmits packets 
onto an EtherCAT segment on a regular 
periodic schedule. Packets are forwarded 
by the EtherCAT slaves on a segment, 
which process them on-the-fly for both 
read and write operations. Packets are not 
stored and forwarded by EtherCAT slaves; 
rather, they are inspected and retransmit¬ 
ted on-the-fly as they pass through each 
EtherCAT slave. Standard Ethernet ca¬ 
bling is wired for full-duplex operation 
over the segment so that when a packet 
reaches the last slave in a segment it can be 


returned to the EtherCAT master, via the 
receive lines of the Ethernet cable, again 
passing through each EtherCAT slave in 
the network segment in reverse order. 

The effective utilization of an Ether¬ 
net packet varies between 50% and 98%, 
depending on the size of the EtherCAT 
datagram, for those scenarios where one 
cycle of fieldbus data is transmitted in¬ 
side a single EtherCAT datagram within a 
single Ethernet packet. As mentioned pre¬ 
viously, a maximum size Ethernet packet, 
containing one EtherCAT datagram can 
hold 1486 data bytes, or 11,888 data bits. 

Because no collision detection is re¬ 
quired on an EtherCAT segment, we can 
send out packets at the maximum rate the 
cable will transmit. Adding 20 bytes of 
“time” for the inter-frame and preamble 
overhead required of standard Ethernet 
hardware, the theoretical percent utiliza¬ 
tion of the Ethernet cable, or bandwidth 
utilization, ranges from 38% for a mini¬ 
mum size packet up to 97% for a maxi¬ 
mum size packet. 

In other words, a theoretical through¬ 
put of 38 Mbits/s to 97 Mbits/s is possible 



Figure 3 


Logical addressing for data inside a single EtherCAT datagram. 
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Figure 4 




for an EtherCAT fieldbus segment. This 
assumes that all the data required of an 
EtherCAT segment fits within one Ether¬ 
CAT datagram, which fits inside one Eth¬ 
ernet packet, and packets are placed on 
the cable at maximum throughput. 

Efficiency in Addressing 

EtherCAT datagrams can contain 
any mixture of reads and writes. Just as 
a single packet can address multiple de¬ 
vices, it is also possible to perform reads 
and writes within a single packet. 

All the slave devices on an EtherCAT 
segment share a single MAC address. 
In effect, an EtherCAT segment can be 
thought of as one large Ethernet device. 
Each Ethernet packet is shared by all the 
EtherCAT slaves on a network segment. 
Ethernet frames are transmitted through 
the slaves on the segment, in sequence, 
from the first slave device (the owner of 
the MAC address of the segment, or the 
“Segment Address Slave”) to the last. 

Logical addressing, built into the Ether¬ 
CAT protocol, is used to efficiently pack the 
data delivered by an Ethernet frame. Each 
slave addressed by an EtherCAT datagram 
is, in essence, reading from or writing to 
a shared memory segment stored on the 
EtherCAT master. That memory segment is 
being “shared” by the master with the slaves 
thru EtherCAT datagrams. Slaves read from 
the datagrams and write to the datagrams 
on-the-fly, as they pass through (Figure 3). 


Each slave is assigned space in the 
master’s shared memory block. This as¬ 
signment is done at the bit level. A slave is 
assigned the following: 

• A bit-oriented, starting logical address 
to locate its data in an EtherCAT da¬ 
tagram 

• A bit-oriented physical address within 
the slave device that corresponds to 
the logical address assignment 

• A bit length consistent with the physi¬ 
cal address type (from 1 to 64) 

• A direction that specifies if this is a 
read or write location (input or output) 

More than one of these logical-to- 
physical assignments may exist for each 
slave. For example, a simple digital I/O 
device, with one input bit and one out¬ 
put bit would have two such assignments. 
Each assignment would be of length 1. 
One logical address would be assigned 
as an input bit and the other would be 
assigned as an output bit. More complex 
devices would require more bits, depend¬ 
ing on their physical function and internal 
register requirements. 

Determinism at the Master 

EtherCAT devices are capable of 
processing Ethernet packets at a very high 
speed with loop rates ranging between 10 
and 90 kHz. Obviously, then, the actual 
loop rate achieved will depend heavily 
on the ability of the EtherCAT master to 
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transmit and receive data over the Ether¬ 
net cable, while simultaneously processing 
that data in its internal process image (the 
shared memory segment that contains a 
reflection of the fieldbus device registers). 

Virtually all modern NICs include a 
DMA engine, meaning that the process 
of transferring data from the process im¬ 
age to the fieldbus interface card is elimi¬ 
nated, requiring no CPU overhead. In¬ 
stead, the NIC’s DMA engine can transfer 
data directly from the process image to 
Ethernet packets on the cable. Conven¬ 
tional fieldbus interfaces require that the 
control computer CPU copy data from the 
process image to the interface card’s in¬ 
ternal RAM. 

Maintaining synchronism between 
the process image and the EtherCAT pack¬ 
ets then becomes important. Determinism 
at the EtherCAT master is a desirable trait 
for achieving stable loop rates. Because 
EtherCAT masters can utilize standard 
NIC hardware, common industrial PCs 
or specialized embedded PCs can be 
used without concern for the availability 
of specialized fieldbus adapter hardware. 
Real-time operating systems, Linux, and 
even Windows can be used as the operat¬ 
ing system to drive the EtherCAT master. 
In the case of a general-purpose OS, such 
as Windows, it is useful to host the Ether¬ 
CAT master on a real-time platform that 
works in conjunction with Windows. 

Not Just About Performance 

EtherCAT was not just designed to be 
the highest performing fieldbus that uses 
standard Ethernet packets, it also includes 
features that are an absolute necessity for 
real factory-floor applications. Features 
like: distributed clocks for synchroniza¬ 
tion, flexible cabling topologies, network 
redundancy, support for safety protocols 
and built-in diagnostics. 

A clock jitter of significantly less 
then 1 microsecond is achievable within 
an EtherCAT segment. Because each 
EtherCAT segment is organized as a 
ring, every device in a segment can de¬ 
termine its “time position” within the 
ring by measuring the time between 
transmission and return of an EtherCAT 
packet. This propagation delay data 
can then be used to adjust the distrib¬ 
uted clocks of each slave device so that 
they will run synchronously. EtherCAT 
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segments support a variety of topolo¬ 
gies, such as line, tree and star. 

While a star technology is most com¬ 
monly applied to switched office net¬ 
works, it is not likely to be used by most 
EtherCAT networks. The line and tree 
topologies are more conducive to fieldbus 
applications because they require fewer 
connections and utilize a much simpler 
and more flexible cabling schema. Ad¬ 
ditionally, switches and hubs are not re¬ 
quired by EtherCAT segments configured 
as lines or trees (Figure 4). 

Optional cable redundancy enables 
devices to be changed (hot plugged) with¬ 
out having to shut down the network. Re¬ 
dundancy is very inexpensive: requiring 
only an additional Ethernet interface in 
the EtherCAT master and a return cable to 
turn a line topology into a ring topology. 
Switchover takes one cycle. EtherCAT 
also supports redundant masters with hot 
standby. An EtherCAT slave immediately 
returns a frame if an interruption occurs, 
so that failure of a device does not lead to 
the complete network being shut down. 

EtherCAT networks are designed to 
simultaneously support the transport of 
safety and control communication over the 
same network. The EtherCAT safety pro¬ 
tocol is certified to IEC 61508 and meets 
the requirements of Safety Integrated 
Level (SIL) 4. EtherCAT safety data can 
be routed without a need for safety routers 
or gateways. 

Bit faults during the transfer of pack¬ 
ets are reliably detected by evaluating the 
Ethernet packet’s CRC checksum. Au¬ 
tomatic monitoring of error counters by 
slave devices allows for precisely locating 
defective network sections. Intermittent 
errors, such as those caused by EMI, bad 
connectors or damaged cables can also be 
detected and located, d 
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Industrial Ethernet 


DDS Over Ethernet 
Simplifies Industrial 
Automation 


Industrial automation has used a client-server structure that is proving to 
be a barrier to maintenance, configurability and real-time performance. 

DDS can eliminate the barriers of a client-server architecture, while utilizing 
Ethernet connections as the backbone for many industrial systems. 


by Bob Kindel 

Real-Time Innovations 

I ndustrial automation (IA) typically has 
many elements gathering information 
and feeding that data to other elements 
that make decisions and control processes. 
The traditional approach to IA uses a cli¬ 
ent-server architecture. All the elements 
in the system connect to a central infor¬ 
mation server that collects data from the 
information-gathering elements, makes 


decisions and issues commands to the 
process control elements. Variations on 
the architecture allow the process control 
elements to make decisions on their own, 
leaving the central server to act as a clear¬ 
inghouse for collecting and distributing 
data. Mixed systems, with some control 
elements autonomous and others slaved to 
the server, are also common. 


There are several problems with these 
approaches. One is that they have a single 
point of failure: the server. If it goes down 
the entire system collapses. Building 
failover redundancy is both difficult and 
costly in a client-server architecture. The 
central server also serves as a data bottle¬ 
neck in the system because it must handle 
each piece of data twice: once to receive 
and once to send. 

Another problem with the client- 
server architecture is that it becomes in¬ 
creasingly difficult to modify, upgrade 
and maintain as the system becomes more 
complex. In the least flexible configura¬ 
tions, the signal paths between elements 
are hardwired to fixed portals. Such sys¬ 
tems can be brought to a halt by simply 
plugging Sensor A into the port designated 
for Sensor B. More flexible systems use a 
network connection, such as Ethernet, to 
link elements. While networks make the 
physical connections more forgiving, the 
logical connections between elements 
can still be ‘hard-wired.” Adding a new 
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Industrial automation applications can result in complex arrangements of 
sensors and control points that become increasingly difficult to manage 
as they expand if they use the traditional client-server architecture. 
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element to such a system requires re¬ 
programming the server so that it will 
accept the new data and send it to the 
appropriate destinations. 

The inflexibility of client-server 
architectures can cause many prob¬ 
lems for industrial automation users. 
As systems become more complex, 
the effort to program them becomes 
increasingly difficult. Similarly, be¬ 
cause units must be “wired” correctly 
to avoid system crashes, system main¬ 
tenance becomes more difficult as well 
as riskier. Mistakes become harder to 
find and the high cost of system down¬ 
time makes mistakes more costly. 

Client-server architectures also 
have the drawback that they lack de¬ 
terminism and can have a high latency. 
When a sensor element has data ready 
to send, it must wait for the server to 
stop being busy before the data moves 
into the system. Devices waiting for 
that data then face an additional delay 
waiting for the server to become avail¬ 
able to pass the data along. Whether 
using a round-robin approach or be¬ 
ing interrupt-driven, the server cannot 
guarantee fixed timing in the delivery 
of data and there is no way of synchro¬ 
nizing the availability of data with the 
needs of the recipients. 



Figure 2 


The ALTSOM Schilling Quest is an example 
of an autonomous underwater vehicle that 
can be configured for different missions. 
That reconfiguration is aided by a 
hierarchical software architecture where 
components interface to a single data 
communications scheme. 


provides. Subscribers then identify 
themselves to the data source to 
complete the system reconfigura¬ 
tion. A similar process allows a new 
control element to connect with data 
sources when attached. Network 
configuration thus virtually reduces 
to a “plug-and-play” exercise. 

DDS can be made to be a per¬ 
fect match to the needs of industrial 
automation by providing a variety 
of data services to support a vari¬ 
ety of needs, from reliable com¬ 
mand and control to real-time data 
flow. For example, a STOP com¬ 
mand to equipment can use a data 
service type that guarantees error- 
free delivery. On the other hand, 
time-sensitive data can use a ser¬ 
vice type that minimizes latency. 
A temperature sensor, for instance, 
could send a stream of data under 
DDS using a data service type that 
provides only a “best effort” rather 
than guaranteed delivery. This data 
service type supports recipients 
that only need a current reading, 
not a full history, but need that data 
as soon as it becomes available. In 
such cases, the overhead of retrans¬ 
mitting corrupted data to guaran¬ 
tee delivery would interfere with 
timely delivery of current data. 


Alternatives to Client-Server 

The industry has developed alterna- 
tive approaches to overcome the limita¬ 
tions of client-server architectures in in¬ 
dustrial automation. However, many of 
these alternatives have used proprietary 
architectures and interfaces, often leaving 
system developers at the mercy of a single 
supplier in order to obtain the sensors and 
control elements they need. This can be¬ 
come a crippling problem if the system 
needs an element that is not commercially 
available yet. Designing a custom device 
based on an outside party’s proprietary 
hardware and software interface can be 
both difficult and expensive. 

There are approaches that use in¬ 
dustry-standard interfaces, however. One 
approach, developed by the Object Man¬ 
agement Group (OMG) is the data distri¬ 
bution service (DDS). This standard spec¬ 
ifies a middleware that sits between the 
application layer and the transport layer 
of a network’s OSI stack. DDS can oper¬ 


ate on top of both IP and non-IP transport 
mechanisms, including Ethernet, shared 
memory, InfiniBand and StarFabric. DDS 
follows a publish-subscribe model that 
eliminates many of the client-server ar¬ 
chitecture’s drawbacks. 

In the publish-subscribe model there 
is no central data server, hence no single 
point of failure. Instead, data flows di¬ 
rectly from source to destination. Data 
sources put data onto the network (pub¬ 
lish) as the data becomes available, tag¬ 
ging that data for receipt by all registered 
subscribers. Control elements that need 
data alert the data sources to their needs 
by registering with the data source as a 
subscriber. Once all the subscriptions 
are registered with the data sources, data 
flows automatically (Figure 1). 

Adding a new element to a publish- 
subscribe network becomes trivial. A new 
data element announces itself to the net¬ 
work when it attaches, optionally describ¬ 
ing the types and formats of the data it 


DDS Benefits 

The DDS standard provides IA de¬ 
velopers with numerous benefits. To begin 
with, the standard defines an applications 
programming interface that standardizes 
the way units request and present infor¬ 
mation. This allows the software of in¬ 
dividual units to be constructed without 
requiring knowledge of other units in the 
system. The application simply defines the 
type and characteristics of the data it will 
handle. The lower layers of DDS handle 
the details of establishing the data path¬ 
ways based on the devices that are present 
on the network. This degree of isolation 
also means that units do not need a com¬ 
mon software operating system; the DDS 
allows even a collection of heterogeneous 
units to exchange data. 

Because the publish-subscribe ar¬ 
chitecture does not require a central data 
server (although the network may require 
a network manager), system reliability is 
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relatively easy to ensure. A critical data 
or control element may be constructed 
to provide a failover response utilizing a 
redundant element without affecting the 
data flow. The redundant data element 
simply steps in to replace the failed unit, 
publishing data to the same subscriber list. 
A standby control element can subscribe 
to the same data as its primary element so 
that the two remain synchronized in case 
of failure. 

Many IA systems exist that dem¬ 
onstrate the benefits of the publish-sub- 
scribe architecture that DDS offers. Ap¬ 
plications as diverse as a semiconductor 
manufacturing plant, an experimental fu¬ 
sion reactor, and an underwater remotely 
operated vehicle (ROV) have gained 
design flexibility and eased system de¬ 
velopment by using NDDS 3.x over 
Ethernet, a real-time publish-subscribe 
middleware product that came before the 
DDS standard and helped shape its defi¬ 
nition. The diverse IA systems using this 
publish-subscribe middleware all share 
a common theme: they contain complex 
mixes of data and control elements that 
need configuration flexibility. 

Industry Examples 

The Nikon Semiconductor wafer fab¬ 
rication plant, for example, has an ongo¬ 
ing need for equipment upgrades while 
maintaining compatibility with the legacy 
elements. To address this need, Nikon 
developers used NDDS to send medium 
data-rate communications such as trajec¬ 
tories, commands, and state information 
between computers running different op¬ 
erating systems. The NDDS also served as 
a bridge between new and legacy equip¬ 
ment designs, and allowed equipment to 
maintain compatibility from one genera¬ 
tion to the next. 

The Max Planck Institute for 
Plasma Physics (IPP) created a new 
control system for its Tokamak nuclear 
fusion device using NDDS. The control 
system generates data at a rate of several 
Mbytes/s during experiments, and passes 
the data to a bank of video consoles and 
archival storage as well as feeding it 
back to the controllers to modify oper¬ 
ating parameters during the experiment. 
The configuration of feedback paths and 
data streaming to the video consoles 
can vary from experiment to experi¬ 



transport mechanisms in the OSI layer model. 


ment, so the system continually needs 
reconfiguration. Using NDDS simplifies 
the reconfiguration process, eliminating 
the need for network programming and 
allowing experimenters to simply sub¬ 
scribe to the data sources they want to 
feed back into the control structure and 
want to monitor. 

ALSTOM Schilling’s Quest ROV is 
used for servicing, exploration, salvage 
and recovery operations (Figure 2). The 
network serves to link the ROV to the ship 


for control and communications. By using 
NDDS, the development team was able 
to design the system as a hierarchy of in¬ 
teracting components and then test each 
component and all higher-level assemblies 
independently. This hierarchical structure 
also simplifies the inevitable customization 
each customer requires as well as fostering 
design reuse. New components insert eas¬ 
ily into the publish-subscribe model and 
component modifications have only minor 
impact on other system components. 
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DDS Limitations 

For all of its benefits, the DDS stan¬ 
dard as defined by the Object Management 
Group does have some limitations. The 
standard focuses on the applications pro¬ 
gramming interface for DDS but does not 
specify the implementation. This means 
that developers of DDS middleware each 
create their own variations, making differ¬ 
ent versions somewhat incompatible. While 
they will all interoperate at the application 


layer, they may not be able to communicate 
on the same wire due to protocol and bit 
pattern differences. This incompatibility is 
just a temporary situation, however. Com¬ 
panies such as Real Time Innovations (RTI) 
are working with the Object Management 
Group to establish a standard protocol to 
allow interoperability. Adoption may be as 
little as a year away. 

The DDS standard also leaves 
room for variations that can affect the 


performance and code size of a DDS 
implementation in a given application. 
For instance, the RTI implementation— 
NDDS—offers additional real-time fea¬ 
tures that are not covered by the standard. 
These features include the ability to use 
the user datagram protocol (UDP) instead 
of the transmission control protocol (TCP) 
to make data transfers more determinis¬ 
tic and to allow anonymous operation by 
system elements, making peer-to-peer 
transactions simpler and easier (Figure 
3). A small-footprint version of NDDS 
that implements a subset of the quality of 
services options is also available, bringing 
the publish-subscribe model to even small 
control and data units. 

Not all DDS implementations pro¬ 
vide the low latency and the determin¬ 
ism needed for real-time control, or offer 
small-footprint versions. What they all 
offer, however, are compelling advantages 
for industrial automation. The isolation 
between the application layers of indi¬ 
vidual units that DDS creates simplifies 
system configuration and equipment up¬ 
grades while also reducing programming 
overhead. The publish-subscribe model 
eliminates the data server as a single point 
of failure and throughput bottleneck. Ad¬ 
ditionally, its standards base means that 
developers can focus more of their atten¬ 
tion on their application software and less 
on trying to get a heterogeneous set of 
components to work together. A 
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SBC1586 is a headless PC/104 size 
Pentium® workhorse. It 
includes 10/100BASE-T 
Ethernet, USB, four COM ports 
and a removable CompactFlash 


or fully configured with A/D, D/A, 
and other PC I/O. Call today and 
let the minds of our engineering 
and customer service teams help 
you rein-in those unbridled devel¬ 
opment costs by offering a compact 
and cost-effective solution. 


MICRO/SYS 


3730 Park Place, Montrose, CA 91020 
Voice (818) 244-4600 Fax (818) 244-4246 
info@embeddedsys.com 


www.embeddedsys.com 


for data logging or OS. This 
embedded PC supports Linux, DOS, 
Windows® NT or CE, and VxWorks? 
Starting under $500. 

For a less scary ride on your 
development adventure, choose 
from a wide selection of X86 
through Pentium CPUs, headless 


For more fully-featured Micro/sys 
embedded PCs in various sizes, 
options and interfaces, take a look 
at the boards below and check our 
Web site for complete details: 


SBC1586 (right) 

Headless Low-Power Pentium 
PC/104 board with CompactFlash, 
4 COM ports, USB and Ethernet. 
Starting under $500. 


SBC1495 (middle) 

PC/104 OEM 486/586 with VGA, 
COM, Ethernet, and CompactFlash 
with DOS, Windows, Linux OS. 


SBC2590 (left) 

EBX Pentium Controller with VGA, 
COM, Ethernet, A/D, D/A and your 
choice of Operating System. 


©2004 Micro/sys. All brand and/or product names listed are registered trademarks of their respective owners. 



PC/104 Modules: 
Stackable, 

Small, and 
Rugged 

Begin your next design with 
WinSysterns' PC/104 and 
PC/104 -Plus modules. These 
compact, 90mm x 96mm 
(3.6" x 3.8") modules are easy- 
to-use and ideal for space- 
sensitive applications. 

WinSystems' products include: 

► Single Board Computers 

• Intel Pentium 

• AMD 520 

► Input/Output (I/O) 

• Analog 

• Digital 

• Serial 

• GPS 

• USB 2.0 

► Communications 

• Networking 

• GSM Cellular 

• 802.11 Wireless 



• 10/100/1000Mbps Ethernet 

• Modem 

► Enclosures 

► Long-life product availability 

► -40°C to +85°C operation 

► Quick Start SBC Developers kits for 
Windows® XP, CE, and Linux. 

You'll find our PC/104 modules stack-up as 
the perfect fit for industrial, communication, 
transportation, medical, instrumentation, 
and MIL/COTS applications. 


Call 817-274-7553 or 
Visit www.winsystems.com 

Ask about our 30-day 
product evaluation! 



715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 
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PC/104 Tackles High-End Apps 


EPIC Express: 

A Bridge to the Future 
for High-Performance I/O 

EPIC Express combines the performance advantages of PCI Express with 
the widely used PC/104 bus in a small, stackable format. The result is one 
of the broadest ranges of stackable, plug-on 1/0 available, as well as a 
clear migration path to future, high-performance embedded applications. 

by Susan Wooley 
Micro/sys 

A technical evolution is propelling PCI 
Express to become the wave of the 
future for high-performance I/O in 
industrial/embedded applications. PCI 
Express provides a high-speed, high-per¬ 
formance, point-to-point link for intercon¬ 
necting devices: data is transmitted on one 
set of signals and received on another set 
of signals. It therefore offers relief for data 
bottlenecks created by attempts to process 
an increasing amount of data in real time. 

The new EPIC Express standard har¬ 
nesses the performance advantage of PCI 
Express by defining a small, stackable for¬ 
mat with high-performance connectors for 
the PCI Express interface. EPIC Express 
also incorporates the popular PC/104 I/O 
connectors. This gives designers access to 
one of the broadest ranges of “plug-on” or 
stackable industrial I/O available in the 
marketplace today. 

Additionally, PCI Express bandwidth 
can be scaled upward to keep pace with the 
increasingly faster CPUs that will be devel¬ 
oped in the next 10 years. The combination 
of these two buses on a single platform 
therefore makes the compact, rugged EPIC 

Get Connected 

with companies mentioned in this article. 

www.rtcmagazine.com/getconnected 



Express standard an ideal platform for to¬ 
day’s and tomorrow’s embedded systems. 
This is the kind of stable platform that is 
attractive to embedded system designers. 

This is the exciting part of EPIC Ex¬ 
press: it provides embedded system de¬ 
signers a clear roadmap for upgrading and 


migrating their systems toward the faster 
serial interfaces of the future, while al¬ 
lowing them to implement this migration 
at their own pace and in their own fash¬ 
ion. With PC/104 and PCI Express on one 
platform (Figure 1), system designers can 
map their applications’ initial design and 


EPIC Express Stacks 
PCI Express and PC/104 


Stackable PCI Express 
Single Bank = Four x 1 Lanes 


Triple Bank = Four x 1 Lanes 
and Two x 4 Lanes 


PC/104 
Stackable I/O 



Figure 1 


The new EPIC Express standard incorporates the performance advantage 
of PCI Express connectors as well as PC/104 I/O connectors in a small, 
stackable format. Including PC/104 and PCI Express on one platform 
gives a clean migration path for hardware and software. 
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Autonomous Flying Vehicle Team utilizes a PC/104 stack for vision and 
another for flight control. It is capable of fully autonomous flight and 
includes flight-avoidance capabilities. 


future upgrades by taking into account the 
future impact of emerging technologies. 
This makes a clean migration path from 
the standpoint of both hardware and soft¬ 


ware. It is also a key benefit of the EPIC 
Express specification: it provides a bridge 
to the future. 


Adaptability, Scalability, 
Flexibility 

EPIC Express places the two basic 
modes of communication—parallel and 
serial—onto one format. The PC/104 bus 
provides parallel communication as a 
simple I/O channel suited to industrial and 
control types of I/O, while PCI Express 
provides the high-bandwidth serial inter¬ 
face that moves data at Gbit/s rates suited 
to fast communication of large amounts of 
data. The combination of these two tech¬ 
nologies on one format gives embedded 
system designers the ability to maximize 
their designs to fit specific size, power, en¬ 
vironment or cost constraints. 

Under the new EPIC Express standard, 
two configuration options are available for 
implementing PCI Express: Standard and 
Full. The Standard option supports four xl 
lanes using a single 28-pin connector. The 
Full option supports four xl lanes and two 
x4 lanes for future, higher bandwidth appli¬ 
cations, as well as additional DC power. 

With the Standard configuration, de¬ 
signers of applications that are cost-sensi¬ 
tive or have lower bandwidth requirements 
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Standard Elma 
Type 32 Enclosure 


Customized Elma 

Type 32 Enclosure 

You don't need to start from scratch 

Why siQit fiom squwe one when you con customize your enclosure fiom Elmo's stondnd line of modular performs? 

Use Elmo's 40 years of expertise to bvfld your exact configuration quicker, better, and more cost-effectively. 

Elmo bos the largest inventory of standard ports and components in the U.S. And o kitovriedgedMe technical support 
specialist will help you pick, out exactly what you need. 

So if you're looking for amadive quality enclosures but have a tight deodtne, come to Elmo. Our standard - 
cn semhustom • endoscnes ae right at your fingertips. No wailingJ No tool-up! No kidding! 
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Typical Embedded System I/O Checklist 

EPIC Express Platform 

I/O Type 

Selection Criteria 

High 

Performance 

PCI Express 

Standard 

PC/104 

x86 processor 

• Speed 

• Math coprocessor 

• Extended Temperature 

V 


Serial ports 

•Type (16450 or 16550) 

• Levels (RS-232 or RS-422/ RS-485) 


V 

Printer ports 

• Will it be used for a printer? 

• Will it be used for digital 1/0? 


V 

Ethernet connection 

•Speed: 10/100/1000 

V 

V 

Video 

• Display type - CRT, Flat Panel: LCD or TFT 

• Resolution 

V 

V 

Serial Buses 

• USB Type 1 or 2 

• PCI Express 
•SATA 

V 


Operating Systems 

• Windows Based 

• Linux 

• RT0S 

V 


Digital I/O 

• Voltage level 

• Current source and sink capability 

• Initialization state 


V 

Analog I/O 

• Resolution 

• Range 

• Input type (single-ended or differential) 

• Conversion time 

• Method of starting conversions 
(hardware or software) 


V 

Solid-state disks 

• Type - Compact Flash, USB, DiskOnChip 

• Capacity 

• Physical size 

• Removability 


V 


Table 1 EPIC Express’s combination of PC/104 and PCI Express technology in 

the same platform helps designers maximize system performance based 
on the type of interfaces they need. 


can implement PCI Express with a single¬ 
bank connector with four xl links in a very 
small, cost-effective space. This is ideal for 
applications that need to take advantage of 
Gigabit Ethernet. 

The Full configuration, with four xl 
links and two x4 links, provides higher 
bandwidth, requires the full three-bank 
connector and has more power. This en¬ 
sures that high-power, bandwidth-hungry 
devices, such as disk controllers and multi¬ 
gigabit communications devices, will per¬ 
form at maximum throughput. 

For now, EPIC Express does not im¬ 
plement x8 or xl6 links. The exclusion of 
x8 reflects some current industry think¬ 
ing that x8 PCI Express devices will be 
rare. However, the need is already apparent 
for a xl6 definition to allow EPIC Express 
to take advantage of the full range of video 
cards in the future. 

As a bridge standard, PC/104 is an ex¬ 
tremely important part of the EPIC Express 
standard. It will probably be needed in most 
applications for some time to come. As the 
market matures, the convenience of a sta¬ 
ble PCI Express standard will attract users 
of its own. How this will affect PC/104 on 
EPIC Express will depend on the success 
of the solo adoption of PCI Express, and on 
the market forces affecting production of 
the silicon required to implement PC/104. 

Support for Current PC/104 I/O 
and Expandable PCI Express 
Bandwidth 

In the case of embedded systems that 
use the PC/104 bus for both an I/O control 
channel and a sophisticated user interface, 
continual improvements in video and com¬ 
munications can keep the system in an al¬ 
most continuous state of re-design. 

One example of this can be found in a 
project conducted by the University of South¬ 
ern California’s Autonomous Flying Vehicle 
Team. For several years, the students have 
been working on a model remote control he¬ 
licopter that utilizes two PC/104 stacks: one 
for vision and the second for flight control. 
Named AVATAR (Figure 2), the helicopter 
is capable of fully autonomous flight and 
has recently been upgraded to include flight- 
avoidance capabilities. 

AVATAR flies without human inter¬ 
vention and performs GPS waypoint naviga¬ 
tion, autonomous vision-based landing and 
autonomous sensor-based takeoff. PC/104 


technology has given the team a light¬ 
weight, low-power and high-performance 
system through two PC/104 stacks. One 
is a control stack that includes serial ports, 
timer/counters, sensor control and digital 
I/O. The other is a vision stack that cap¬ 
tures images from three cameras. 

As the USC Autonomous Flying Vehicle 
Team researches new capabilities—such as 
autonomous landing on a moving target, de¬ 
ployment on a moving target, stealthy target 
pursuit and vision-based obstacle avoidance 
in 3D—EPIC Express presents an exciting 
system platform for implementation of their 
goals. It can add high-bandwidth serial com¬ 
munication for camera systems and video 
requirements, which will allow AVATAR to 
perform even more complicated tasks. 

A different type of application that 
can take advantage of EPIC Express is au¬ 


tomated cleaning equipment for the met¬ 
allurgy industry. The cleaning process is 
highly automated, but recently enacted in¬ 
dustry quality standards now require docu¬ 
mented microscopic snapshots verifying 
levels of cleanliness. 

During the existing cleaning process, 
the cleaning solution is monitored for tem¬ 
perature, levels of contamination and time. 
These traditional electronic control processes 
are implemented with stacking PC/104 I/O 
boards. The sampling rates and time re¬ 
sponses required for switching these con¬ 
trols are well suited to a parallel bus such as 
PC/104. However, upgrading the system with 
a video frame grabber to visually document 
the cleaning might be better implemented 
through a serial PCI Express expansion. 

EPIC Express easily enables this mixing 
and matching of PC/104 and PCI Express 
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technology, which helps system designers 
maximize their system’s performance based 
on the type of interfaces they need. Selection 
of the I/O platform is often determined by the 
general characteristics of the I/O type and its 
suitability for a particular embedded system. 
Selection criteria make some choices clear 
cut, while others are less obvious and require 
more system-level engineering (Table 1). 

The Future of PC/104 and PCI 
Express 

In the future, the data acquisition indus¬ 
try will be making advances in faster and 
higher-performance data gathering technol¬ 
ogy. As a stackable I/O channel, EPIC Ex¬ 
press is an ideal platform for implementing 
this technology. In addition to its stackabil- 
ity, faster performance and compact size, 
EPIC Express offers system-level features 
made available by PCI Express. For indus¬ 
trial applications, these features include a 
software level to implement improved error 
detection, enhanced reliability, power man¬ 
agement, hot-plug and free-flowing data. 
These higher-level system features will be 
required in the industrial controls of tomor¬ 
row to ensure the quality demanded in high- 


precision manufacturing environments. 

EPIC Express brings greatly enhanced 
capabilities to system designers and is well 
matched to the demanding control require¬ 
ments that emerging technologies will 
present during the next decade. Designers 
of control systems will seek to incorporate 
the technology being gained from military 
research and development into new tools 
for intelligence gathering equipment and 
weapon identification applications. Recent 
government funding for research and de¬ 
velopment in the emerging area of nano¬ 
meter-scale technology will also result 
in the need for new manufacturing tech¬ 
nologies and embedded control systems to 
implement emerging processes. The tech¬ 
nologies being developed in these areas are 
finding their way into high-speed manufac¬ 
turing lines, security applications, medical 
devices and automation processes. 

In the pharmaceutical and chemical 
industries, designers are pursuing technol¬ 
ogies to use in high-precision manufactur¬ 
ing processes for advanced drug delivery 
systems, including implantable devices, 
in the next few years. In medical applica¬ 
tions, diagnostic tools such as cancer-tag¬ 


ging mechanisms and real-time diagnostics 
for physicians will need these enhanced 
control and monitoring capabilities. 

In the field of wear-resistant coatings, the 
Department of Defense recently supported 
partnerships among the Navy, academia and 
industry to develop processes suitable for 
manufacturing more durable coatings for use 
in the marine environment. The result has 
been a nanoscale coating for use on air valves 
that will result in a $20 million reduction in 
maintenance costs over 10 years. The pro¬ 
cesses for manufacturing these coatings have 
required sophisticated embedded systems 
with control capabilities and user interfaces. 

These advancements, as well as those 
not yet dreamed of, come with associated 
challenging system design issues and typi¬ 
cal tradeoffs among heat, power, perfor¬ 
mance, size, design ruggedness and cost. 
This creates a future in high-performance 
embedded applications that is ripe for the 
EPIC Express format, d 

Micro/sys 
Montrose, CA. 

(818) 244-4600. 

[www.embeddedsys.com]. 
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THINK INSIDE THE BOX. 




PC/104 CoreModule™ 800 



EPIC ReadyBoard™ 800 


Mini-ITX Mighty Board™ 821 



You know Ampro for building the finest embedded 
boards for transportation, military, industrial and 
medical electronics applications. But did you know 
we also build systems that complement many of the 
form factors we make? Our customers experience the 
fastest deployment of applications with Ampro's 
Industrial Computers. 


READY-TOGO 
OUT OF THE BOX... 

because of the thinking that went into the box. 


Ampro computers and boards 


Custom And Semi-Custom Systems Also Available. 


See us at ESC Booth 1610 



Call today (408) 360-0200 or visit: www.ampro.com 


Ampro is a registered trademark of Ampro Computers, Inc. All other trademarks are the property of their respective owners. © 2006 Ampro Computers, Inc. All rights reserved. 







SHARE VOUR VISION. 



NELL SH 


solutions for the most demanding 
embedded applications. Tell us what 
you need at info@vadatech.com. 



Share your vision with us. We’ll customize 
our products to your requirements or partner 
with you to develop custom 
products all the way 
through deployment. 
Either way, you’ll 
get leading-edge 
board level 


• Comprehensive Hardware/Software 
solution for Intelligent Peripheral 
Management Interface (IPMI) version 2.0 

• Symmetric Multi-Processing CPU for 
AMC/VME Modules 

• A complete line of ATCA 
and AMC carriers 

• High dynamic range A/D Converters 



www.vadatech.com 702.896.3337 
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PC/104 Tackles High-End Apps 


PCI Express 

Stacks Up in High-End 

Embedded Applications 

The new EPIC Express standard provides a unique module-stacking 
architecture for PCI Express that boosts the performance of PC/104- 
compatible applications. 


by Colin McCracken 
Ampro Computers 


Y ears ago, the x86 personal computer 
got an I/O performance boost when the 
ISA bus width doubled from 8 bits to 
16 bits. The first-generation bus architecture 
transitioned from CGA to VGA graphics and 
even 10 Base2 and 10 BaseT Ethernet. Bus 
bandwidth approached 16 Mbits/s. 

In the embedded PC world, PC/104 
then emerged as a stackable I/O standard, 
bringing this breakneck 16-bit ISA bus 
speed to small form-factor embedded ap¬ 
plications. The simplicity of the interface 
attracted hundreds of new I/O modules, 
from A/D to networking to flat panel LCD 
to PCMCIA, facilitating the widespread 
adoption of PC/104 products in medical, 
transportation and industrial systems. 

Back in the desktop world, bus band¬ 
width eventually became saturated with 
traffic, and cries for help were answered by 
the PCI bus. A wider and faster bus than 
ISA, its 32 bits per cycle time and 33 MHz 
meant that a gigabit of data could be trans¬ 
ferred per second during bursts. 

Second Generation I/O: 

PC/104-PI us 

The embedded PC market faced the chal¬ 
lenge of tracking the desktop world’s bus migra¬ 
tion, caused by an insatiable appetite for perfor¬ 


mance in the computer market. The PC/104- 
Plus standard answered the call by bringing 
second-generation bus architecture into the 
stackable card format. PCI bus expansion was 
complementary to the PC/104 (ISA) bus, and 
all of this bandwidth was still contained within 
the tiny 3.6-in. x 3.8-in. form-factor without 
sacrificing legacy compatibility. 

Solid-state storage, whose reliability 
is required in many applications, got a per¬ 
formance boost in the form of 32-bit PC 
Cards, while 10/100 Ethernet, PCI graph¬ 
ics and 802.11 wireless technology began 
to take hold in the PC/104 market. 

PC/104 Encounters a Paradigm 
Shift 

PCI Express, formerly known as third- 
generation I/O (3GIO), is the rightful heir 
to the desktop motherboard backplane. A 
quick visit to the local computer and elec¬ 
tronics store confirms this. The AGP graph¬ 
ics card slot has given way to a xl6 PCI Ex¬ 
press graphics slot. Several xl slots occupy 
the next motherboard slot positions. 

Each xl lane brings a blistering 2.5 
Gbits/s in transmit and receive directions 
simultaneously, full-duplex style. Even 
if data is moving in only one direction, a 
speed two-and-a-half times that of the par¬ 


allel PCI bus renders PCI nearly obsolete 
from a bandwidth-per-pin perspective. 

This bandwidth boost is accomplished 
with only five signals: Tx+ and Tx- for the 
transmit differential pair, Rx+ and Rx- for 
the receive pair and a clock line that gener¬ 
ally is not used but is provided by the PCI 
Express specification in case devices wish 
to use it to generate their timing. 

One or more token PCI slots round out 
the bus backplane. ISA is gone, replaced 
by a low pin count (LPC) bus primarily 
for the BIOS flash. PCI may have only a 
few chipset generations left before it disap¬ 
pears. PCI Express is the future. 

PCI Express is the latest example of us¬ 
ing high-speed serial technology to reduce 
size and cost. Like Ethernet and USB, PCI 
Express uses differential pair signals—such 
as Tx+ and Tx- for the transmit pair—to al¬ 
low faster edge rates and data rates, so much 
so that the legacy parallel buses burdened 
with clock-to-signal skew cannot keep pace. 

However, these Gigahertz-range sig¬ 
nals require very specific trace widths, 
spacing and Z0 transmission line imped- 
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Apples and Oranges Working Together... 

That's the Power of Windows Embedded 


The developers at Fujitsu know that the hundreds of peripheral drivers 
included in the Windows® CE operating system provide the solutions 
they need to easily integrate multiple device functions. 

Needing to incorporate drivers for an infrared receiver, 802.llg WiFi 
card, and touch screen, the Fujitsu U-Scan Shopper development team 
chose Windows CE. Because Windows CE offers familiar, yet easily 
customized components and tools, they were able to develop the device 
in only five months. With the power of Windows CE, the Fujitsu U-Scan 
Shopper offers users coupons on demand, infrared scanners for product 
promotions, and in-store order placement, all from the convenience of 
the produce section, or wherever your shopping cart takes you. 

“l/Ve considered Linux, but couldn't have achieved the same 
results, so we chose the Windows CE operating system 

— VERNON SLACK / Store Solutions / Fujitsu Transaction Solutions 

The Power to Build Great Devices —get it with Windows CE, 
Windows XP Embedded, or Windows Embedded for Point of Service. 
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ances. Such requirements do not lend 
themselves well to pin-in-socket technol¬ 
ogy stacking connectors. 

PC/104 has finally met its match. Or 
has it? 

Stackable I/O Gets a Roadmap 

Just when it appeared that thousands 


of system integrators and manufacturers 
using PC/104 off-the-shelf technology 
would face an uncertain future, including 
complete board-level redesigns, a group 
of five SBC technology leaders created a 
bridge to the future. 

The EPIC Express specification de¬ 
fines PCI Express bus expansion for small 
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The EPIC Express form-factor defines a 1-bank and 3-bank PCI Express 
expansion connector. 
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Figure 2 


PC/104-size I/O modules are stackable above an EPIC Express SBC. 


form-factor SBCs using a unique stacking 
scheme. The specification even preserves 
legacy ISA (PC/104) bus support, due to its 
widespread use in embedded applications. 

EPIC Express Boosts I/O 
Bandwidth 

At merely 4.528-in. x 6.496-in., EPIC 
Express boards pack a lot of bandwidth 
punch into a tiny area. Embedded appli¬ 
cations generally do not have the luxury 
of lots of space. EPIC Express defines a 
PC/104-size expansion interface with four 
xl lanes and two x4 lanes (Figure 1). 

The specification replaces the PCI/104 
connector, a 32-bit/33 MHz PCI bus, with 
a smaller, high-density surface mount con¬ 
nector and 10 to 30 times the I/O bandwidth. 
The I/O bandwidth limitations of PC/104- 
Plus—1 Gbit/s on PCI—are solved. 

Two plug-compatible connector options 
are provided by EPIC Express. The one-bank 
connector brings four xl lanes, with up to 10 
times the 32/33 parallel PCI bus bandwidth 
in each direction. The latest chipset genera¬ 
tion on the market includes four xl lanes, so 
the one-bank connector is a good choice for 
new SBCs and I/O modules. 

The three-bank connector defines two 
additional lanes in the next two connector 
banks. Each lane is a x4 type, with four 
times the bandwidth of a single xl lane. 
A one-bank connector on an I/O module 
works when plugged into a three-bank con¬ 
nector on an SBC. 

Each x4 lane brings another 10 times the 
32/33 PCI bandwidth. In total, the six lanes 
in a three-bank configuration are equivalent 
to 12 xl lanes, or 30 times the 32/33 PCI 
bandwidth. The PC/104 I/O market now has 
an I/O superhighway (Figure 2). 

PCI Express is not a traditional multi¬ 
drop bus, where multiple devices wait for 
their turn to use the bus. The differential pair 
signaling cannot be cascaded from device to 
device. Each lane has an independent path 
to the chipset. This poses a challenge to a 
stacking architecture like PC/104. 

The EPIC Express creators solved this 
problem with a clever totem-pole scheme. 
Each I/O module in the PC/104 stack con¬ 
sumes the PCI Express lanes that it needs, 
whether one lane or multiple lanes (Figure 
3). The module then shifts over, or normal¬ 
izes, the remaining lanes so that the next 
module up the stack has the lanes it needs on 
the connector pins that it expects (Figure 4). 
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EPIC Express Preserves Legacy 

Since EPIC Express was created with 
legacy systems in mind, the hundreds of 
existing off-the-shelf PC/104 I/O modules 
do not have to be re-designed. Neither do 
the thousands of embedded systems de¬ 
ployed with PC/104 technology. 

The definition of EPIC Express in¬ 
cludes the familiar PC/104 connector and 
bus (ISA), so that SBCs that include the ISA 
bus have a standard way of bringing it out. 
Off-the-shelf PC/104 modules simply plug 
right into the SBC. For EPIC Express SBCs 
that do not include the PC/104 connector, a 
bridge card can bring PCI Express to PCI, 
then from PCI to ISA, so that PC/104 mod¬ 
ules can be used the rest of the way up the 
stack. There is no change to the mounting 
hardware or I/O cabling of expansion mod¬ 
ules within the embedded systems. 

A Boost for Standards and 
Applications 

EPIC Express is a huge leap forward 
in the PC/104 space. It unifies the off-the- 
shelf stackable embedded PC market with 
a single architecture. In addition, this is 
accomplished without sacrificing the im¬ 
portant standards that created this market: 
PC/104 (ISA bus), PC/104-Plus (PCI and 
ISA bus) and PCI-104 (PCI bus). 

PC/104 technology, including re¬ 
lated EBX and EPIC SBC form-factor 
standards, is well established in medical, 
military, transportation, industrial, instru¬ 
mentation and commercial markets. EPIC 
Express brings a substantial amount of I/O 
bandwidth to these applications without 
sacrificing legacy circuitry. EPIC Express 
also paves the way for a new class of appli¬ 
cations that can use stackable PC/104-size 
I/O modules. 

With 10 to 30 times the data through¬ 
put, EPIC Express boards and stackable 
modules are well poised for emerging em¬ 
bedded applications that need Gigabit Eth¬ 
ernet, RAID, 802. llg, custom encryption 
circuitry in the form of an FPGA, I/O con¬ 
trollers or custom high-speed circuitry. 

An FPGA on an EPIC Express mod¬ 
ule can be viewed as an offload engine 
that frees up the CPU for other tasks. The 
SBC can shuttle data quickly over PCI 
Express lanes, complex algorithms and 
equations can be synthesized and pro¬ 
grammed into the FPGA logic, and results 
can be returned to the SBC. High-quality 



from SBC 

EPIC Express with one 1/0 device on board EPIC Express with two 1/0 devices on board 


Figure 3 


Unused PCI Express lanes are shifted over by the module’s PCB to be in 
position for the next module in the stack. 
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rugged and reliable system. 


4760 Richmond Rd / Cleveland, OH 44128 
Tel: 216.245.4180 /Fax: 216.292.0561 
www.embeddedplanet.com 



March 2006 41 





















SolutionsEngineering 


A n „ ^ LINK B 

A B C D 





LINKA 










LINK F 











LINK E 








A B 


C D **BC 


E(x4) 


F(x4) 


I/O Board 4 


I/O Board 3 


I/O Board 2 


I/O Board 1 



image recognition for homeland security, 
both still images and full-motion video, is 
one example of an application that can be 
implemented using EPIC Express with a 
custom I/O module, rather than a full-cus¬ 
tom design. 

Systems that need to combine high¬ 
speed circuits with low-speed designs, such 
as data acquisition (A/D) and multiple se¬ 
rial ports, can now leverage off-the-shelf 
technology to improve time-to-market. 

EPIC Express breathes new life into the 
stackable PC/104 architecture by boosting 
application performance while leveraging 
existing investments in system mechanical 
designs for the long haul. With a solution 
for point-to-point differential pair signal¬ 
ing, EPIC Express is next in the long tra¬ 
dition of tailoring motherboard technology 
for use in off-the-shelf SBCs, I/O modules 
and space-constrained systems. The first 
SBCs and modules are expected from sup¬ 
pliers in 2006. d 


4 Board Full EPIC Express Stack with two x 4 links and two x 1 links featuring automatic alignment for each. 


Figure 4 


An entire stack of modules is shown, along with the PCI Express lanes 
used by each module. 
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DSP for Control and Inspection 


DSPs, Microprocessors and 
FPGAs in Control 


DSPs, general-purpose microprocessors, microcontrollers and FPGAs 
are all used in control, sometimes in combination. Each device type 
is best suited for a specific role, and a variety of tools is available for 
developing applications. 


by Shelley Gretlein, Gerardo Garcia and Joel Sumner 
National Instruments 


A s embedded technology prolifer¬ 
ates in electronic devices used for 
control, it is becoming increasingly 
difficult for engineers to decide which 
technology they should select for their next 
designs. The silicon candidates include 
DSPs, general-purpose microprocessors or 
microcontrollers, and FPGAs. In control 
applications these devices are best suited 
for different functions. In addition, new 
hybrid silicon is becoming available that 
blurs the lines between these device types. 

In general, a closed-loop control ap¬ 
plication consists of three parts: measure¬ 
ment by a sensor connected to the process, 
decision in a controller element and action 
through an output device or actuator. 

Since many control applications re¬ 
quire rapid processing and feedback, en¬ 
gineers often choose DSPs for their speed. 
Control applications can range from air¬ 
plane landing gear devices to automotive 
collision avoidance systems. Studying a 
collision avoidance system reveals the 
benefits of using DSPs in conjunction with 
microprocessors. 

Get Connected 

with companies mentioned in this article. 

www.rtcmagazine.com/getconnected 


In this type of system, DSPs and 
microprocessors have distinct roles (Fig¬ 
ure 1). The system’s DSP receives input 
signals for rapid processing of a single 
task and performs tasks such as reflec¬ 
tive phase analysis. The microprocessor 
performs multiple housekeeping tasks, 
interfacing with the host and individual 
peripherals. 

DSPs in Control 

To address typical control application 
requirements, a DSP contains four core 
components. These are data memory, pro¬ 
gram memory, the computing engine and 
I/O. This architecture is similar to that 
of other devices, including microproces¬ 
sors. However, DSPs are differentiated by 
several additional characteristics. These 
include multiple, parallel pipelined data¬ 
paths; optimizations for specific vertical 
processing operations; buffered I/O ports; 
abundant registers for temporary data 
storage; efficient address generation for 
array handling; and low-power options. 

These characteristics have traditionally 
made DSPs the silicon of choice in audio, 
video and communications applications for 
concentrated numerical processing. 


DSP Programming Tools 

The mathematical theory of underly¬ 
ing digital signal processing techniques 
can be fairly complex. However, the nu¬ 
merical operations required to implement 
the techniques are straightforward, con¬ 
sisting mainly of operations that can be 
performed on a command-line calculator 
(Start» Run » Calc). 

The architecture of a DSP chip (Fig¬ 
ure 2) is designed to carry out those simple 
calculations incredibly fast. The difficult 
part is understanding the architecture and 
implementing programs to take advantage 
of it. For example, to multiply and add a 
register/value on traditional fixed-point 
devices using traditional tools, engineers 
must implement low-level instruction 
bit codes and understand the mnemonic 
MAC, APAC and MPYK commands. 
However, access to the DSP registers can 
also be made via higher-than-assembly- 
level optimizing C compilers offered by 
DSP vendors. 

Although many engineers and scien¬ 
tists seek higher-level tools to make the 
technology more accessible, program¬ 
ming DSP processors is usually done in C 
or assembler. Writing programs in high- 
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level tools requires less effort, but the effi¬ 
ciency achieved can be as low as half that 
of a program written in assembler. 

A range of DSP tools is available to 
suit the skillset and application needs of 
most engineers, from DSP-specific ven¬ 
dor toolchains—usually in the form of a C 
compiler and assembly interface—to code 
generators and high-level graphical tools. 
Vendor tools are targeted at the traditional 
embedded programmer or the career de¬ 
sign engineer who can tackle challenging, 
low-level designs. High-level graphical 
programming tools are designed for the 
domain expert, the engineer or scientist 
who wants an embedded application with¬ 
out learning the details of low-level imple¬ 
mentations. These high-level tools target 
more general-purpose devices, such as 32- 
bit floating-point DSPs. 

A FIR filter implemented in assem¬ 
bler (Figure 3), C (Figure 4) and a graphi¬ 
cal, or “G”, programming language (Fig¬ 
ure 5) can be used to compare the tools 
used to program a DSP. Although specific 
processor architectures differ slightly, in 
general, assembler delivers direct access 
to the processor registers, C encapsulates 
operations into functions and routines and 
“G” offers more high-level abstraction 
and intuitive programming. 

The silicon choices engineers make 
will depend on their skill levels. Because 
of the complexity of programming a DSP 
properly—optimized for the application 
and utilizing the performance available— 
they are not typically used for the control 
portion of a control application. 

DSP silicon and tools are specifically 
designed to crunch sets of numbers, or 
process signals, as fast as possible. But in 
control applications it is more important 
to look at loop rate, that is, how quickly 
and accurately a signal can be read, a de¬ 
cision made and a control value passed 
back out. The basic needs of control appli¬ 
cations rely heavily on I/O and accessing 
peripherals on the silicon. These are not 
the traditional strengths of DSPs. 

Since the lines between some general- 
purpose control devices and DSPs are be¬ 
ginning to blur, the decision is sometimes 
one of personal preference and the intu- 
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Figure 1 


In control applications, DSPs and general-purpose microprocessors 
traditionally have distinct roles. The DSP receives input signals and 
performs tasks such as reflective phase analysis. The microprocessor 
and memory take care of housekeeping tasks for communication with the 
host and interface with other peripherals. 


Internal Memory 


External Memory 



Program Address 


Program Data 

, ■ mmm . 

Data Address - A 


Load Data 

■k 

Store Data 


Data Address - B 


Load Data 

■ ■ ■■■ . 

Store Data 


DMA Address - Read 


DMA Data - Read 

■ ^ 

DMA Address - Write 


DMA Data - Write 






Figure 2 


Many control applications require rapid processing and feedback for 
control. The architecture of a DSP chip, including its internal bus, is 
designed to conduct calculations extremely quickly, processing hundreds 
of millions of samples per second. 
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itiveness of the tool rather than one about 
silicon architecture. 

Microprocessors and FPGAs in 
Control 

General-purpose microprocessors 
and FPGAs are also widely used for signal 
processing and control. Microprocessors 
are designed to handle multiple asynchro¬ 
nous tasks efficiently. This is achieved by 
using flexible, context-saving methods 
and program stacks for each process that 


facilitate switching back and forth be¬ 
tween tasks. Because many real-time con¬ 
trol applications perform multiple tasks 
asynchronously, microprocessors are a 
popular choice. 

General-purpose processors, as well 
as newer hybrid processors that com¬ 
bine different processor types, are the 
silicon versions of a Swiss Army knife. 
For example, Analog Devices’ Blackfin 
processors provide both microcontroller 
(MCU) and DSP functionality in a uni¬ 
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fied architecture for partitioning the 
needs of control and signal processing. 
The Blackfin processor can act as a 100% 
MCU with code density on par with in¬ 
dustry standards, or as a 100% DSP, or 
as a combination of the two. It can be 
programmed in assembler for the career 
design engineers and programmers, C for 
the traditional programmers and even in 
a graphical programming language for 
the domain expert. 

Because they run the logic in hard¬ 
ware and are reprogrammable, FPGAs 
are gaining popularity for their speed and 
flexibility. An FPGA contains a matrix of 
reconfigurable gate array logic circuitry. 
When this device is programmed, the 
gates are configured appropriately and 
connected to each other in a manner that 
achieves a hardware implementation of 
the software application. FPGA-based 
control systems can enforce critical inter¬ 
lock logic and be designed to prevent I/O 
forcing by an operator. 

Although most FPGAs used today 
are programmed during system manu¬ 
facturing to perform a specific task, it 
is increasingly common for engineers 
to program them in the field. Unlike 
hard-wired printed circuit board (PCB) 
designs, which have fixed hardware re¬ 
sources, an FPGA-based control sys¬ 
tem’s internal circuitry can be rewired 
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Figure 3 


A FIR filter implementation 
written in assembler, which 
delivers direct access to the 
processor registers. 
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for reconfiguration while the system is 
deployed. 

Additional FPGA advantages in¬ 
clude the fact that their hardwired logic 
is extremely fast, much faster than soft- 
ware-based logic. They are easier to 
interface to the outside world, either 
through custom peripherals or via glue 
logic to custom coprocessors. They are 
also better suited for bit-level operations 
than a microprocessor. 

FPGAs are especially suited to con¬ 
trol applications requiring custom hard¬ 
ware, such as digital communication 
protocols, rapid control prototyping, hard- 
ware-in-the-loop simulation, in-vehicle 
data acquisition, machine control and ma¬ 
chine condition monitoring. 

In addition, different types of cus¬ 
tom I/O hardware that benefit from the 
use of FPGAs include hardware for tim¬ 
ing and triggering routines; for mixing 
analog I/O processing, digital I/O pro¬ 
cessing, counters and triggers on a single 
device; for high-channel counters, event 
detection, and time stamping; and for 
custom signal conditioning and parallel 
processing. 


FPGAs are usually programmed 
with a bitstream, which configures the ar¬ 
ray of logic cells to perform the desired 
function and connect multiple logic cells 
as determined by the design. FPGA pro¬ 
gramming technologies range from one- 
time-programmable elements to electri¬ 
cally erasable devices. However, the lan¬ 
guage of FPGAs, HDL, is fairly complex. 
HDL is a high-level language, yet writing 
an HDL design description is a relatively 
complicated process, since it describes 
circuit functionality at the register trans¬ 
fer level (RTL). 

Some engineers prefer high-level 
graphical tools for accessing FPGAs. For 
example, the National Instruments Lab- 
VIEW FPGA Module (Figure 6) lets non- 
embedded experts create custom I/O mea¬ 
surement and control hardware without 
the need for low-level hardware descrip¬ 
tion languages or hardware board-level 
design. This custom hardware can be used 
for unique timing and triggering routines, 
ultra-high-speed control and interfacing to 
digital protocols. 


A Comparison of Devices in 
Control 

The essential difference between a DSP 
and a microprocessor or microcontroller 
is that the DSP’s features are designed to 
support high-performance, repetitive, nu¬ 
merically intensive tasks. In contrast, gen¬ 
eral-purpose processors are not special¬ 
ized for a specific kind of application, and 
microcontrollers are designed for control- 
oriented applications. 

Engineers often choose micropro¬ 
cessors instead of DSPs for control ap¬ 
plications because they traditionally offer 
better on-chip peripherals, such as pulse 
width modulation (PWM) and other in¬ 
tegrated I/O for multiple, asynchronous 
tasks. Because they are general purpose, 
microprocessors are more flexible and 
less specialized, which usually makes 
them easier to understand and program. 

Unlike processors, FPGAs use 
dedicated hardware for processing 
logic and do not have an operating sys¬ 
tem. Since FPGAs are truly parallel in 
nature, different processing operations 
do not have to compete for the same re¬ 
sources. As a result, the performance 



Figure 4 


A FIR filter implementation written in C, which 
encapsulates operations into functions and 
routines. 



Figure 5 


A FIR filter implementation written in a 
graphical programming language, which is 
more high-level and intuitive. 
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Figure 6 


This Nl LabVIEW graphical code simultaneously executes 
a 32-bit counter and pulse generator and a custom control 
algorithm on an FPGA. 
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of one part of the application is not af¬ 
fected by adding another parallel pro¬ 
cessing part. 

FPGAs and processors also differ 
in compilation. When a control applica¬ 
tion for an FPGA device is compiled, 
the result is a highly optimized silicon 
implementation that provides parallel 
processing with the performance and re¬ 
liability benefits of dedicated hardware 
circuitry. Because there is no OS on the 
FPGA, the code is implemented in a way 


that ensures maximum performance and 
reliability. 

Finally, in addition to offering high 
reliability, FPGAs can perform determin¬ 
istic closed-loop control at extremely fast 
loop rates. In most FPGA-based control 
applications, speed is limited by the sen¬ 
sors, actuators and I/O modules rather 
than by the FPGA’s processing perfor¬ 
mance. For example, the proportional-in¬ 
tegral-derivative (PID) control algorithm, 
commonly used for regulating analog pro- 
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cesses such as temperature and pressure, 
executes in just 300 nanoseconds (3.33 
MHz), whereas a PID loop executes at the 
rate of 2.75 kHz on a typical industrial 
processor. 

However, FPGAs by themselves are 
not as useful as when they complement 
microprocessors or DSPs. Interfacing 
an FPGA to the outside world through 
A/D controllers, D/A controllers and a 
microcontroller offers complete system 
designs with fast I/O, appropriate control 
and rapid signal processing. 

Choosing the Right Device for 
the Application 

Although these differences distin¬ 
guish DSPs, microprocessors, MCUs and 
FPGAs from each other, as with most de¬ 
cisions, an analysis of the particular ap¬ 
plication must be done to discover which 
device or combination of devices best 
suits it. 

If the application must access a va¬ 
riety of I/O, reprogram logic or run 
closed-loop control at rates exceeding 1 
MHz, an FPGA is probably the right fit. 
If designers want general-purpose func¬ 
tionality and programming simplicity, a 
microcontroller is the more appropriate 
choice. If ultimate optimization and pro¬ 
cessing speed are needed and the engineer 
is familiar with underlying chip architec¬ 
ture and DSP programming, a DSP is the 
best device to use. 

Finally, if engineers do not want to 
learn low-level programming, the tool 
used to access the silicon may be the 
determining factor. In this case, an inte¬ 
grated graphical programming tool may 
be the right choice, d 
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DSP for Control and Inspection 


DSPs + FPGAs Provide 

Flow Cytometry and 
Cell Sorting Solution 

Flow cytometry and cell sorting systems have traditionally utilized 
complex, custom analog circuitiy. An intelligent system based on 
DSPs and FPGAs, combined with the right architecture, delivers 
enough information to reduce false and missed detections, as well 
as a high level of flexibility and reprogrammability. 

by Kristen K. Zaffini 
BittWare 

U ntil recently, many inspection and 
control systems have required a 
human in the loop to provide the 
actual inspection. However, due to the 
inefficiency, and sometimes ineffective¬ 
ness, of manual inspection, automated in¬ 
spection and control has become the most 
sought-after method. This has proven to 
be no easy task, especially in the complex 
world of flow cytometry and cell sorting. 

This is the process used to measure the 
physical or chemical characteristics of a 
biological cell and, using this information, 
sort cells from a sample. Such high-end 
applications require an intelligent system 
that can also provide a high level of flex¬ 
ibility and reprogrammability, so that the 
system is, to some extent, a general-pur¬ 
pose one that can be tailored to the needs 
of individual applications. 

For years, DSPs have been the pro¬ 
cessor of choice for applications requiring 
the type of compute-intensive, high-speed 
calculations used in both medical and bio- 
science fields, as well as in manufacturing. 

FPGAs are now being touted as do-every- 
thing processors, especially when recon¬ 
figurability is a requirement. Often, the 
best solution is a combination of FPGAs 


and DSPs working in conjunction 
with each other (Figure 1). 

Basic Inspection and 
Control System Needs 

All systems used for inspection 
and control, regardless of industry, 
include two stages of processing. The 
first stage is the initial inspection 
during which the system acknowl¬ 
edges the presence of a sample. In 
the second stage, the required fea¬ 
ture extraction is performed. This 
consists of gathering certain 
characteristics from the unit 
under test, often using digitized 
images for pattern recognition 
and feature extraction; provid¬ 
ing the “intelligent” processing of these 
images; and ultimately determining if this 
is a “good” sample or a “bad” sample. 

The processing required for the ini¬ 
tial inspection, although fairly minimal, 
needs to be repeated indefinitely as the 
system consistently monitors for the next 
unit. Regardless of the type of control and 
inspection system, the second stage of 
processing is quite complex. 



Figure 1 


Combining BittWare’s 6U CompactPCI 
DSP board with two of its high-speed 
Barracuda-PMC+ data acquisition 
cards provides eight TigerSHARC DSPs 
and three FPGAs. The combination of 
FPGAs and DSPs working in conjunction 
with each other is well suited to 
applications that require different levels 
of processing, such as a flow cytometry 
and cell sorting system. 
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Flow Cytometry and Cell 
Sorting Systems 

In high-end bioscience applications, 
automated inspection and control is often 
required to perform tasks that would oth¬ 
erwise be impossible, since they cannot be 
done manually. The sorting and classifica¬ 
tion of biological cells via flow cytometry 
and cell sorting is one such area. This 
type of control and inspection system is 
very similar to the basic system described 
above in that there are two stages: the ini¬ 
tial constant inspection to determine the 
presence of a cell, and the intelligent pro¬ 
cessing. The end goal of the system is to 
divert a droplet containing a cell into the 
appropriate receptacle by analyzing the 
cell’s identifying characteristics. 

Before each droplet is released from 
the sample, the system must identify that 
a cell is present and begin to analyze it. In 
order to analyze and isolate certain charac¬ 
teristics of a cell, a fluorescent compound 
is formulated specifically to highlight 
those characteristics. When added to the 
sample, this compound binds itself to the 
cells that possess the desired characteristic. 
The pressurized cell suspension is forced 
into a tube and then through a needle, mak¬ 
ing the cells form a single-file line. The line 
of cells is then forced through a small noz¬ 
zle, emerging as a jetting stream. The jet¬ 
ting cells pass one at a time through a laser 
beam where the cells scatter laser light. 

If the desired characteristic is present, 
the compound in the cell also emits fluores¬ 
cent light. This fluorescence is detected by a 
photo sensor, which converts the fluorescent 
light into a momentary voltage pulse. This 
stream of voltage pulses is fed into an A/ 
D converter that continuously samples the 
stream of pulses. Within microseconds, the 
system needs to perform the pulse detect, 
identifying that a cell is present, then extract 
the desired features from the pulse, analyze 
these features and ultimately determine 
whether or not the cell is to be sorted. 

These tasks take place in parallel so 
that the system may, at any single point 
in time, simultaneously detect one cell, 
analyze another cell, and route yet another 
cell. This requires a microsecond-level 
timeframe. Within one second, there could 



A flow cytometry and cell sorting system measures the physical or chemical 
characteristics of a biological cell and uses that information to sort cells 
from a sample. This design uses two high-speed A/D cards, each including 
an FPGA for the initial stage of processing, and one DSP board for the high- 
end processing required by the second stage. 


be up to 100,000 cells shooting out of the 
system, all needing to be measured, classi¬ 
fied and routed. Typically, the sorting deci¬ 
sion must be made 100 microseconds after 
the cell passes through the laser beam. 

Flexible, Intelligent Cell Sorting 

These flow cytometry and cell sort¬ 
ing systems have traditionally utilized 
complex, custom analog circuitry that has 
remained unchanged for many years. One 


manufacturer, iCyt Visionary Bioscience, 
decided that it was time for a change. The 
company wanted to design an intelligent 
system that would also provide a high level 
of flexibility and reprogrammability, en¬ 
abling it to be somewhat general purpose, 
yet capable of being tailored to the require¬ 
ments of specific applications. 

The older systems sampled only the 
maximum peak fluorescence coming from 
a particular cell, providing merely a single 
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Figure 3 


The ATLANTiS architecture is implemented within each onboard FPGA. It comprises one or more switches 
connected via transmit and receive blocks to the onboard I/O. The configuration registers are used to program the 
interconnectivity between all inputs and outputs and to add processing blocks if needed. 


data point. The proposed new design would 
capture at least 100 samples per cell, giving 
the system more information to analyze, such 
as rise times, fall times, width and integrated 
energy. This additional data would greatly re¬ 
duce false detections and missed detections. 

A cell typically passes through the laser 
beam in about one microsecond. Within no 
more than 100 microseconds, the droplet con¬ 
taining the cell must be routed to the correct 
receptacle. During this time, the system must 
detect the presence of a cell, extract its rel¬ 
evant features, analyze this data and sort the 
cell. This requires a sampling rate of at least 
100 MHz. At 2 bytes/sample, the required sus¬ 
tained throughput is 200 Mbytes/s. The tech¬ 
nology chosen had to support this throughput 
while also providing extended precision and 
dynamic range on unpredictable and chang¬ 
ing data in a fixed amount of time. 

Although the proposed system would be 
targeted at cell sorting, many specialized ap¬ 
plications are possible within that field. The 
system would therefore need to be flexible, 
enabling not only a variety of uses, but also 
satisfying requirements that do not yet exist. 


A Choice of Processors 

When determining which technolo¬ 
gies should be utilized in the design, the 
company’s designers had to take into ac¬ 
count four separate requirements: low la¬ 
tency, high throughput, complete flexibil¬ 
ity and the system’s ability to be rapidly 
adapted and its design updated. 

The question then became which pro¬ 
cessing technology to use, from a tradi¬ 
tional microcontroller or microprocessor, 
to a DSP or programmable logic device. 

The speed and dynamic range required 
for the system pointed to a DSP. They deliver 
sustained, low-latency, high-throughput data 
processing. The additional dynamic range 
provided by a floating-point DSP, required 
by this proposed system design, also ensures 
that the system will easily support future ap¬ 
plications. A general-purpose microproces¬ 
sor would be hard-pressed to match this set of 
abilities. Flexibility, unmatched algorithmic 
capabilities optimized for fast floating-point 
math, and the benefit of programming using 
C, effectively decreasing development time, 
are all benefits of designing with a DSP. 


DSP-Only Design vs. Hybrid 
DSP/FPGA-Design 

The prototype used four high-end, 
floating-point TigerSHARC DSPs per 
channel to accomplish the first and second 
stages of processing in the flow cytometry 
and cell sorting system. These ultra-high- 
performance, real-time multiprocessing 
DSPs were chosen for their high through¬ 
put, low latency and deterministic charac¬ 
teristics. They provide continuous complex 
processing at high speeds in a fixed amount 
of time, crucial to this application. 

After further consideration, it was de¬ 
termined that the initial stage of process¬ 
ing could be accomplished much more ef¬ 
ficiently with an FPGA. Utilizing a lower- 
cost FPGA for the pulse detect would save 
the interesting data for the DSPs, which 
are particularly well suited to the type of 
high-throughput, data-stream processing 
required in the second stage. 

The FPGAs, on the other hand, could 
easily perform the processing required for 
the initial cell detect. This data does not 
require complex computational math, but 
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does require fast, repetitive processing. 
Since the DSPs are not customized for this 
type of data analysis, they were wasting 
large amounts of processing effort on the 
first stage. Although the FPGA processing 
only accounts for 20% of the system’s total 
processing, the number of DSPs required 
was cut in half once the FPGA was added. 

Significant design work would be re¬ 
quired to ensure that the FPGA and DSPs 
operated efficiently together. Many design 
engineers are accustomed to working pri¬ 
marily with either DSPs or FPGAs, but not 
both, and might be unfamiliar with the re¬ 
quirements of integrating the less familiar 
silicon into a design. An architecture which 
provides that for designers becomes cru¬ 
cial. This is especially true if it also enables 
them to easily change the routing of inputs 
and outputs of the signal processing system 
for future expansion and modification. 

The final subsystem (Figure 2) came 
in the form of BittWare’s hybrid embedded 
design, which uses the company’s custom 
ATLANTiS architecture to interface be¬ 
tween the FPGA and DSPs. This archi¬ 
tecture is an I/O routing scheme in which 
every I/O can be dynamically connected to 


any other I/O. By employing this architec¬ 
ture and utilizing both DSPs and FPGAs in 
the design, a powerful, completely flexible 
system was created. The FPGA provides 
the initial processing, performing the pulse 
detect, and passes the data along to the 
DSPs only when a cell is actually present. 
The DSPs then provide feature extraction 
and intense data analysis. 

The architecture (Figure 3), imple¬ 
mented in the FPGA, provides one solu¬ 
tion for the three dilemmas typically faced 
in multiprocessor designs. These are: how 
to allocate the I/O bandwidth among the 
processors, how to easily connect the vari¬ 
ous I/Os together while retaining the abil¬ 
ity to modify them, and how to integrate the 
FPGA processing with the DSP processing. 
It solves all of these dilemmas by enabling 
communication between the TigerSHARC 
link ports and all other I/Os connected to the 
board and by providing continuous 2 Gbyte/ 
s throughput. This communication can be 
point-to-point, or one input can broadcast 
to all or multiple outputs. The I/Os can be 
connected or disconnected from each other 
as requirements dictate without the need for 
recompiling or changing cables. 


This architecture consists of one or 
more switches connected to a configuration 
register that is controlled by the designer 
using a GUI. The routing can be changed at 
any point by reprogramming the configu¬ 
ration registers. Since all I/Os connected 
to the board are input into the FPGA, and 
thus into the architecture itself, standard 
and/or custom FPGA processing blocks 
can be inserted in the queue at any point 
during the transfer of data. For both novice 
and seasoned FPGA designers, this archi¬ 
tecture enables seamless data transfer and 
the option of including processing blocks. 

The final system using both DSPs and 
an FPGA, coupled with an architecture 
that gives designers the ability to easily 
integrate the two, provides an intelligent 
and flexible flow cytometry and cell sort¬ 
ing system. The design easily handles the 
initial system requirements, while also 
providing enough flexibility for future en¬ 
hancements and upgrades. 4 
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RTC Interviews 
Len Crane, 

President and CEO, VersaLogic 



RTC: PC/104 was first developed some¬ 
time in the late 1980s and formally 
standardized in 1992, making it one of 
the longest surviving bus architectures 
(except for VME). And, it’s continued to 
grow every year and explosively within 
the past five years or so. To what do 
you attribute the successful longevity 
of PC/104? Can the success continue? 

Crane: I believe that the success of the 
PC/104 platform is due primarily to the 
wide support that it has. There are addi¬ 
tional reasons for its success, including its 
small size, low-cost physical configura¬ 
tion (self-stacking, no backplane needed), 
ruggedness and ease of interfacing (for 
custom add-on functions), but the wide 
variety of suppliers is the one that I would 
put at the top of the list. You can purchase 
high, medium or low-performance CPUs 
and marry them with an amazing array 
of additional I/O (Ethernet, CAN Bus, 
analog, motion control, etc.) right off the 
shelf. You can have the whole system in 
your hands tomorrow. That’s hard to do 
with most board formats. And unlike 
more proprietary formats, OEMs ulti¬ 
mately have the safety net of ordering 
from alternate suppliers if they ever need 
to. If supplier X has their plant burn down 
and can’t get back on line, customers can 
contact supplier Y for a similar product 
and continue their production with mini¬ 
mal disruption. In the real world that is 
quite valuable! 


PC/104 products are also used to ex¬ 
pand EBX and EPIC format boards, which 
broadens the scope of PC/104 compatibil¬ 
ity and industry support even wider. 

Of course most “PC/104” boards 
these days are really “PC/104-Plus” prod¬ 
ucts. The evolution of the platform to use 
the higher-speed PCI interconnect is an¬ 
other reason that it has remained strong 
among so many other form-factors. Of 
course, this year we will see the first EPIC 
Express products released, which will 
mark yet another evolutionary step for the 
PC/104 format. 

RTC: Referring to question one, differ¬ 
ent analysts have differing market fig¬ 
ures for PC/104’s growth and current 
business volume. Growth rates range 
from 15% on the low end to as much as 
30% CAGR on the high end, and total 
business (including EBX, etc.) from a 
low of $100 million to figures topping 
$300 million. Can you share your eval¬ 
uation of the market both in terms of 
growth and volume? What do you pre¬ 
dict for the future? 

Crane: We see the PC/104 market con¬ 
tinuing to grow, with our growth forecast 
around the 20% mark. I don’t believe 
that my guess at the total market size is 
better then anyone else’s, but it seems 
clear that the number of applications 
that need to use this kind of technology 
is not likely to decrease any time soon. 


OEMs are almost required to automate 
new devices that they design, and few 
organizations would benefit from trying 
to design a single board computer them¬ 
selves. The only question is how many of 
them will be low, medium or high-vol¬ 
ume applications. Off-the-shelf PC/104 
products shine in the low and medium- 
volume range, but custom designed prod¬ 
ucts make more sense at high volumes. 
What will the mix be in the future? I’m 
guessing that the mix will stay about the 
same, with a continuing increase in the 
total number of devices and embedded 
systems to run them. 

RTC: COM Express has been getting 
its share of publicity recently. And, 
while it represents a slightly different 
approach to open modular systems, it is 
still judged by some as competitive with 
approaches such as PC/104 and PC/104 - 
Plus. What is your view on how the two 
compare? What are the strengths and 
weaknesses of each approach? 

Crane: I see quite a difference between 
these two platforms. COM Express is not 
a single board computer, but a system 
module that must be used with a base 
board or “carrier card.” It is great for ap¬ 
plications where the creation of a custom 
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carrier card is not considered a handicap 
(cost or time wise). This is not so great 
for most low and medium-volume appli¬ 
cations. More importantly, COM Express 
is designed for very high performance. 


RTC : The European Union’s Restric¬ 
tion of Hazardous Substances (RoHS) 
directive (2002/95/EC) has put fear 
into many manufacturers and users 
of embedded computers both here and 
in the EU, perhaps more 
because of logistics issues 
than technical issues. How- 


Higher performance and higher speed sig¬ 
nals mean a higher cost to the customer, 
and even more challenging to create an 
interface to the system board. 

I see off-the-shelf PC/104 products 
continuing to fill a majority of the needs 
for small and medium-sized projects. 
It’s just more cost-effective to use a 
ready-to-go product, unless you’re look¬ 
ing at significant product volume. You 
also have to consider the development 
turnaround and time-to-market. And I 
suppose I should mention that PC/104 is 
a smaller size. 

COM Express will be a welcome ad¬ 
dition for those needing very high band¬ 
width and performance, and working on 
projects large enough to design them in. 
These would not have been PC/104 proj¬ 
ects to begin with, so I really don’t see 
much overlap or competition between 
these platforms. 


Crane: Wow. How much 
space do you have? I could 
write a good-sized book on 
our RoHS effort. I’ll try to 
give you the short version. 
RoHS is a good match for 
VersaLogic in that environ¬ 
mental stewardship is part of 
our culture (actually, part of our mission). 
We endorse the concept behind RoHS and 
efforts to keep lead out of landfills. We 
embraced RoHS early on, and scheduled 
several new designs as RoHS-only prod¬ 
ucts. What we found was that everyone 
(i.e., the component manufacturers) was 
waiting for each other, and the assembly 
houses were waiting for them. Until a few 
months ago, it was impossible to build a 
RoHS board because there were so few 
RoHS-compliant components available. 

The actual roll-out of RoHS parts 
(when it finally came) had been chaotic in 
many aspects. For example, some manu¬ 
facturers realized that they needed to of¬ 
fer RoHS components, but they couldn’t 
manage the logistics of distributing both 
the existing leaded parts and a new line of 
RoHS parts. In fact, some manufacturers 
couldn’t even manage the task of creating 
new part numbers for hundreds of new 


ever, despite all the claims 
of obstacles to compliance, 
VersaLogic has been one 
of the first to announce a 
RoHS-compliant PC/104 
single board computer. Can 
you share with our readers 
some of the major obstacles 
in implementing RoHS com¬ 
pliance? What was your ap¬ 
proach to part numbering, 
labeling, certification and 
testing? How did you de¬ 
vise systems that would be 
compatible with both your 
suppliers and your custom¬ 
ers? And how long did the 
transition take? 


parts, so they didn’t. We soon found our¬ 
selves receiving both leaded and RoHS 
parts under the same part number. Try to 
sort that one out! Another area of frus¬ 
tration was the lack of standardization in 
the manufacturers’ material declaration 
sheets. It often took weeks to obtain a 
sheet, only to have it be so unclear when 
we got it that we had to start the processes 
all over again (or disqualify the part). 

There were humorous moments as 
well. One manufacturer changed the 
leads on their leaded part to a RoHS- 
compliant metal and started shipping 
the new part. We built the part into some 
prototypes, which didn’t operate at all. 
We traced the problem to the component 
in question. The manufacturer hadn’t 
considered that RoHS products have to 
be assembled at higher temperatures than 
the leaded boards. The body of this par¬ 
ticular component wasn’t rated for RoHS 
temperatures, and it was simply burning 
up as it went through the reflow oven on 
the assembly line. 

Ultimately, we ended up spending 
unimaginable numbers of staff hours do¬ 
ing research to figure out how to handle 
and assemble RoHS parts in a way that 
would yield identical or better quality to 
the leaded processes. We also addressed 
identification, inspection, segregation 
(separate inventory and repair areas), as¬ 
sembly, rework, etc. We made extensive 
changes to our production floor and our 
ERP system, including the ability to at¬ 
tach a Materials Declaration sheet to each 
manufacturer’s part number so that we 
could document and certify each part. 

In the end, it still comes down to 
whether the RoHS parts you need are 
available. Our first RoHS release was 
ready last year, but the release was de¬ 
layed for four additional months waiting 
for a single component (a connector) when 
the factory had trouble producing the new 
RoHS version. You just can’t build a board 
unless you can get all of the parts! 

RTC : Referring to the above, there are 
many that claim that products based 
on some of the older specifications will 
experience difficulties as many of the 
ICs such as PCI interface chips go end- 
of-life and are no longer supported by 
major chip makers such as Intel. How 
do you propose to get around some of 
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these problems as you continue to ex¬ 
pand your RoHS-compliant family of 
products? 

Crane: Yes, the introduction of RoHS 
parts has caused major upsets in the 
supply of leaded parts. Again, the abil¬ 
ity of component manufacturers to sim¬ 
ply double their product line (i.e., both 
leaded and RoHS product lines) was un¬ 
derstandably limited. As RoHS parts are 
being released, we’ve seen a significant 
number of leaded parts that have gone 
EOL much earlier than planned. This 
is a major problem in our market seg¬ 
ment, as longevity is often the name of 
the game. The most significant issue that 
we’ve seen with the RoHS rollout, is that 
we can no longer make many of our ex¬ 
isting (leaded) products! The solutions to 
this are many, but they generally revolve 
around purchasing LARGE amounts of 
components to keep a product going, 
or redesigning the board. Both options 
have plenty of drawbacks. The most 
frustrating part of this is that we can’t 
seem to get a handle on what is going 
to be available and what isn’t. We just 
designed two new products, and before 
they made it to their Beta run, both had 
parts go EOL, so that we could not man¬ 
ufacture the board. While we are revis¬ 
ing a product we’ll have yet another part 
go EOL, so it’s quite a futile exercise. Of 
course we’re not yet getting a good sup¬ 
ply of RoHS parts yet either. It appears 
that the only sane solution is for board- 
level manufacturers to take a year off, 
and come back when things have settled 
down and we know what components are 
really going to be available. Could you 
arrange for a mass vacation? 

RTC: PC/104 and PC/104-Plus have 
managed to keep power budgets down 
while increasing performance for 
many generations through the use 
of low-power, slower processors and 
clever design. However, as products 
move to greater levels of performance 
and include such standards as EPIC 
and EPIC Express, it would seem likely 
that such systems would call for higher 
power budgets. How do you plan to 
deal with the higher power and ther¬ 
mal budgets? 


Crane: From my viewpoint, the CPU 
manufacturers have really been quite re¬ 
sponsive to concerns about power con¬ 
sumption. Although it’s usually painful 
to generate all the power rails required to 
accomplish it, the newer processors seem 
to be holding the line on power usage, 
even though performance is increasing. 
The Pentium IV to Pentium M is a good 
example. The fact that a PC/104 proces¬ 
sor board can be sandwiched between two 
other PC/104 boards (resulting in little 
airflow to the CPU), has always be a chal¬ 
lenge, but I don’t think that thermal man¬ 
agement issues are going to change radi¬ 
cally in the near future. 

RTC: While PC/104 is used in a very 
wide range of embedded computer ap¬ 
plications ranging from POP retail to 
medical instrumentation, is there any 
one application—or family of applica¬ 
tions—that stand out in your mind as 
the “ideal” application^) for PC/104, 
PC/104-Plus, EPIC? Why? 

Crane: “Ideal” in my mind comes back 
to two primary factors: small size and 
inherent ruggedness (lack of board flex). 
Avionics and military applications come 
to mind as having space constraints and 
ruggedness high on the list. But you cer¬ 
tainly see the same needs in applications 
from medical to transportation to instru¬ 
mentation and even factory automation. 
There are few applications that don’t 
benefit from the system controller being 
able to fit in a small space and be very 
rugged. 

The tradeoff, at some point, is the 
increased cost of packaging additional 
functionality in a very small package. 
The assembly, packaging and cabling of 
a PC/104 system can take some effort, de¬ 
pending on the size and complexity of the 
system. For applications that have more 
available space, or liner space versus cu¬ 
bic space, the EBX or EPIC formats pro¬ 
vide an advantage. These bolt-down for¬ 
mats are typically easier to install than a 
stack of PC/104 boards, provide about the 
same functionality, and still allow PC/104 
expansion if needed. 

RTC: PC/104 has recently had a strong 
showing in the industrial control mar¬ 
ket. Back in the early 1990s, low-cost, 


Asian-made PCs made a significant 
impact on the market virtually elimi¬ 
nating many of the older VME and 
STD products. However, there seems to 
have been a rebound in favor of indus¬ 
trial versions of embedded computers 
in the past several years with PC/104 
family products taking up most of the 
slack. To what do you attribute this 
rebound? Need for rugged platforms? 
Size? Cost? 

Crane: Low-cost Asian PCs may have 
been placed in some applications that 
competed with PC/104, VME or STD, but 
we didn’t see a lot of this with our custom¬ 
ers. As with most markets, there are cus¬ 
tomers for many flavors of products. The 
low-cost products were great for some 
markets, while other factors were more 
important to others. In our market seg¬ 
ment, product reliability, stable designs 
(long-term product availability), access 
to technical support during the OEM de¬ 
velopment phase, and other factors, have 
been much more important than the per- 
piece product price. 

For example, if you are a medical 
manufacturer and you finally make it 
through clinical trials and FDA approval, 
the cost to start all over (because your 
embedded computer board is no longer 
available and you have to design in a new 
model) is quite high. If you are install¬ 
ing a control system in a high-vibration 
environment, and you have to repair the 
system every month or two because it 
shakes itself apart, the cost of the prod¬ 
uct is not going to be your main concern 
(as opposed to the cost of service calls). 
Expert, immediate technical assistance 
during an OEM’s product development 
cycle can make a huge impact on the 
time-to-market. I think that many proj¬ 
ect managers are more aware of these 
factors today, and the real costs of vari¬ 
ous approaches are weighed up front. In 
some applications a lower-cost product 
will work just fine. In others they can end 
up being very expensive. 

RTC: Over the past five or six years or 
so, there’s been tremendous consoli¬ 
dation within the embedded computer 
industry. At least 20 acquisitions have 
occurred and it’s reported that more 
are on the way. At least part of the ra- 
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tionale for many of these acquisitions 
is so larger companies can control 
more and more of the product that 
goes into a system. However, to date, 
we’ve seen little of this on the PC/104 
front though we’ve heard rumors of 
some pending transactions. Is there 
something that makes PC/104 compa¬ 
nies immune, or at least resistant to 
acquisitions of this kind? Why do you 
think this has not been an issue with 
PC/104 vendors? Do you think it will 
be in the future? 

Crane: I think that PC/104 manufactur¬ 
ers in general may be a little different 
than other embedded vendors (in a good 


way). They serve a fairly small spe¬ 
cialty/niche market and are often lead 
by engineers, rather than investment 
bankers. These are mostly closely held 
organizations that are more interested 
in customer needs and product develop¬ 
ment than quarterly growth targets or 
cashing out. In general, they are more 
nimble and responsive than larger or¬ 
ganizations could be, and they usually 
enjoy their work! 

PC/104 companies are generally 
smaller, which may make them less of 
a target for acquisition. Or perhaps they 
don’t believe that bigger is necessarily 
better and don’t want to go through the 
pain of merging two corporate cultures 


into one. Whatever the reason, they seem 
to say “no” when buyers come knocking 
at the door, and we are left with a great 
variety of PC/104 vendors. 

In my view, the wide base of sup¬ 
port for a market like PC/104 and the 
healthy competition that it brings, is vi¬ 
tal to its continued success. Consolidat¬ 
ing many of the PC/104 companies into 
one or two would undoubtedly dimin¬ 
ish the variety of products and services 
that are available, and probably shrink 
the market as a whole. I think it really 
comes back to PC/104 being more of a 
specialty market with a rather entrepre¬ 
neurial style to it. 
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RTC : Product differentiation. First off, 
how does VersaLogic differentiate itself 
from its competition being that most 
makers of PC/104 hardware follow 
the standard? Second, how do PC/104 
vendors differentiate their products 
from others’ small form-factor prod¬ 
ucts in the embedded space such as 
3U CompactPCI and CompactPCI 
Expres,s and forthcoming AMC and 
MicroTCA? 

Crane: The differentiation between 
PC/104 vendors probably has little to do 
with following the PC/104 standard. As 
with other businesses, the shape, size or 
compliance of the product is only a small 
part of what is being sold. 

Other factors that matter to a cus¬ 
tomer include the reliability and effi¬ 
ciency of the circuit design, the compo¬ 
nent quality, the manufacturing quality 
system and degree of testing that the 
product must pass, the service and tech¬ 
nical support that’s provided, the produc¬ 
tion scheduling and manufacturing man¬ 
agement that assures on-time delivery, 


the number of emergency spares that 
are kept in stock, etc. I suppose I should 
even mention price in there somewhere. 
In case you haven’t guessed, VersaLogic 
emphasizes quality and services, as do 
many other PC/104 vendors, rather then 
per-piece price. 

Of course, not all PC/104 prod¬ 
uct lines are identical. There are 586 to 
Pentium M processors, plain to fancy 
analog I/O, parallel and serial I/O cards 
of all types, AC/DC power supplies, en¬ 
closures, extended temperature, low cost, 
high integration, extremely ruggedized, 
conformally coated, etc. A big part of 
what differentiates a company is its ex¬ 
perience and expertise in the type of 
PC/104 products that it offers. Again, the 
breadth of support for the PC/104 format 
allows customers to draw from a variety 
of organizations to get all the different 
pieces and exactly the expertise that they 
need for a given application. 

PC/104 differentiates itself from 
some of the current and emerging form- 
factors primarily by size. The size of 
the board is small, and the number of 


PC/104 manufacturers is large. The 
small size of the PC/104 board seems 
great, until you realize that there’s only 
so much that you can fit on there, espe¬ 
cially with the connector space that’s 
occupied on both sides of the board. 
For higher functionality or higher per¬ 
formance, you must move to larger plat¬ 
forms. On the other hand, the compact 
stackable PC/104 format provides a 
highly expandable cost-effective system 
that doesn’t require a card cage or ex¬ 
ternal interconnect system. What really 
differentiates PC/104 from other plat¬ 
forms is each specific application and 
what kind of fit there is. No one platform 
is appropriate for every application. 

Given its long life, high flexibility and 
wide industry support, the PC/104 and 
PC/104-Plus platform is going to remain 
the perfect solution for number of appli¬ 
cations. It will be difficult for any other 
form-factor to displace it in the foresee¬ 
able future, d 
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RTOS for DSP 


Evaluating Real-Time 
Operating Systems for DSP 

An RTOS for a DSP processor must meet a different set of system 
requirements than one designed for a control processor. 

by Tom Barrett 
Quadros Systems 


D SP applications are becoming more complicated with the 
addition of system control and communications functions 
formerly relegated to microcontrollers. Yesterday’s mono¬ 
lithic assembly language programs cannot meet these demands, 
particularly with today’s engineering schedules. 

To face these changes, developers are choosing tools and 
RTOSs optimized for these evolved DSP architectures. And, this 
involves a shift. Many DSP-based applications must be designed 
to run under the control of a real-time operating system (RTOS) 
to meet demands for system flexibility, code reuse, and rapid 
project development and deployment. 

But, when it comes to DSP, not all RTOSs are created equal. 
Most traditional RTOSs have their roots in microprocessor or 
microcontroller designs and offer neither the architecture nor 
the performance needed for DSP applications. The traditional 
control-based RTOS architecture can work in a DSP application, 
but in a less than efficient manner because it is not designed to 
provide the kinds of code scheduling and processing models re¬ 
quired by DSP. Rather than struggle with such compromises, it’s 
often wiser for the developer to choose an RTOS specifically de¬ 
signed, tuned and adapted to the application demands of digital 
signal processing. 

The Loop versus Multitasking 

The simplest DSP operating system—and it’s a stretch to call 
it an “operating system,” is a loop in which CPU control passes 
from one point to another in the process of looking at enabling 
criteria. When a process is ready, the loop allows execution of 
the associated body of code. 



Figure 1 


Convergent processing includes elements from 
traditional microcontrollers, programmable 
DSPs and signal processing functions built on 
programmable logic or ASICs. 
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In such a design, the operating loop can use a lot of machine 
cycles, testing the enabling criteria in each pass through the loop. 
These designs must be handcrafted to preserve application per¬ 
formance. The benefits are minimum code space and speed. The 
downside is that they are often too well tuned to the particular ap¬ 
plication, requiring code changes when application requirements 
change. This results in increased risk and cost. 

Contrast this loop structure to the typical microprocessor/ 
controller RTOS that uses a multitasking structure instead of a 
loop. In a multitasking design, the application is decomposed 
into several tasks. Each task runs according to a scheduling pol¬ 
icy that invokes the RTOS only when it makes a kernel call for 
some service. 

The kernel call may run as a service routine, returning di¬ 
rectly to the calling task or it may block the calling task due to 
the unavailability of some resource or event needed by the call¬ 
ing task. In this case, CPU control passes to another task to run. 
Whenever there is such a transfer of control, the processor con¬ 
text of one task must be saved before that of the other task can be 
restored. This process can require many cycles, depending on the 
processor’s programming model. The design allows most of the 
processor’s cycles to be used by the tasks (the application), rather 
than by the scheduler. The limitation is in system responsiveness 
and efficiency due to the high overhead of switching between 
tasks. 

So where does that leave the developer? Must he choose be¬ 
tween the overhead constraints of a multitasking architecture or 
the lack of control of a loop architecture? Ideally, a RTOS for a 
modern DSP processor should be able to apply the advantages of 
both loop and multitasking behaviors to meet today’s DSP ap¬ 
plication needs. 

Convergent Processing 

Clearly, with the many negatives and few positives about 
operating systems for these new DSP processors, it is time to 
consider a fresher approach to RTOS designs—one that can ac¬ 
commodate the seemingly disparate requirements of digital sig¬ 
nal processing and control processing on a single core. It is then 
appropriate to call the processor that does both types of process¬ 
ing a convergent processor. 

An RTOS for a convergent processor incorporates a dual 
process scheduling model that meets the needs of both DSP and 
control applications, allowing it to be solely a DSP RTOS, or 
100% dedicated to control operations, or anywhere in between 
the two, hence the term convergent processing (Figure 1). 

As an example of how the two models work to meet the de¬ 
mands of their respective domains, look at Table 1, which shows 
a comparison of operation times required to schedule a DSP pro¬ 
cess and a control process on a Freescale StarCore processor, an 
excellent example of a convergent processor. 

The results clearly show that the RTOS operations to sched¬ 
ule the DSP process from an interrupt service routine or from an¬ 
other DSP process require significantly fewer cycles, translating 
into faster response times for those processes versus their control 
process counterparts. 


When it Comes to Performance, Don't Ask the 
Wrong Question 

Unfortunately, DSP developers typically ask the wrong per¬ 
formance question when they evaluate an RTOS. “How much 
overhead (in MIPS or percentage of CPU loading) does the 
RTOS take?” 

This question stems partly from a mistaken notion of how 
today’s operating systems function. As previously stated, the 
traditional DSP view of an operating system is a loop that runs 
continuously looking for a process to perform. When a need 
arises, it calls the routine associated with the need and exe¬ 
cutes its code. When the routine is complete, the loop resumes 
looking for another processing need. Obviously, that design did 
indeed take extra cycles, and those extra cycles would be a con¬ 
cern to the application developer. Thus the origin of the ques¬ 
tion about how many MIPS the operating system consumes is 
understandable. 

However, a typical microprocessor/controller RTOS uses a 
multitasking structure in which tasks get control of the CPU ac¬ 
cording to some scheduling policy implemented by the RTOS 
Scheduler. The normal mode, in contrast to the loop method, 
is for the CPU to be occupied doing application processes. The 
RTOS kernel call may run as a service routine, returning directly 
to the calling application process (task). Or, the kernel may block 
the calling task due to the unavailability of some resource needed 
by the calling task, in which case the Scheduler will pass CPU 
control to another task to run. Most of the processor’s cycles are 
used by the tasks. The operating system only takes processor cy¬ 
cles when the tasks call on it to perform some service. Because of 
this, the RTOS’ overhead isn’t a fixed value—it depends on how 
much the application uses RTOS services. 

Therefore, a better measure of RTOS overhead is the op¬ 
erational times (or cycles) of the kernel services used by the ap¬ 
plication. 

Measure the Time That Is Important 

Another important consideration is the operating system’s 
interrupt response time and the time required to switch from one 
process to another. Many DSP-based systems depend on inter¬ 
rupts to signal when data should be gathered from or distributed 
to the outside world and perform the number crunching as fast 
as possible the rest of the time. In contrast, a control RTOS may 
have far fewer interrupts. Calculating the response and process 
switch times lets you determine how many interrupts per second 
the RTOS can handle at a reasonable processor load. 

Of particular importance is the time required to save and/or 
restore the processor’s context. During a context switch in multi¬ 
tasking, the RTOS stores the state of the current task (including 
the contents of registers) so it can resume the task later. Mean¬ 
while, it restores the registers of the task that is gaining control 
of the CPU. 

The typical DSP has a lot of registers that must be saved and 
restored during a full context switch. For example, the Freescale 
MSC8101 DSP processor, based on StarCore IP, has about 68 dif¬ 
ferent registers (about 272 bytes) while Analog Device’s Blackfm 
BF533 has almost 40 different registers. At worst case, saving 
all of these registers during an interrupt or a context switch can 
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quickly eat up a measurable percentage of processor cycles if 
steps aren’t taken to mitigate the effects. 

On an MSC8101 running at 300 MHz with an interrupt load 
of 25,000 interrupts per second, simply saving and restoring all 
68 registers consumes over 1% percent of the available proces¬ 
sor cycles, ((68 registers * 2 cycles per register [save + restore]) 
* 25,000 Hz) / 300 MHz). This assumes single cycle reads and 
writes to memory and no processor stalls. Since it’s often neces¬ 
sary to do a full context switch while executing control code, the 
efficiency of the save/restore logic has a great effect on overall 
system throughput. The optimal configuration of registers to save 
and restore, and the method to do so, varies with processor archi¬ 
tectures and even applications. 

Clearly, the DSP application that can’t afford time for the 
save/restore cycle of a multitasking RTOS will benefit greatly 
from an RTOS design that does not require the save/restore cycle 
or minimizes its effect. 

Architecture Impact 

Processor architectures can have other impacts on the oper¬ 
ating system besides the number of registers to save. The use of 
separate memory spaces for I/O and code, segmentation of mem¬ 
ory into multiple data spaces and handling of program stacks are 
all DSP architectural features that the RTOS must accommodate. 
It isn’t uncommon for a DSP processor to have specialized hard¬ 
ware stack support using very fast internal memory. While such 
stack architectures are efficient for traditional loop-based soft¬ 
ware designs, they’re challenging to the developer of a multitask¬ 
ing RTOS who must efficiently swap stacks for modern preemp¬ 
tive scheduling. 

DSPs indeed differ from the typical microprocessor, and 
the DSP RTOS must adapt and accommodate the architectural 
quirks of the DSP. These quirks are part of the DSP’s architecture 
and usually exist to make certain operations very efficient. But 
without the RTOS developer’s careful attention to that level of 
detail, those efficiencies may be lost. 

Let it Flow 

Another efficiency to consider is how the RTOS handles 
block data transfers—an essential task in many DSP applications. 
Typically, a system gathers a block of data and moves it through 
transform operations (e.g., converting integer data to floating¬ 
point data, filtering or compression) before performing the main 
number crunching. 

In handling these transform operations, the RTOS ought to 
provide facilities that let the application touch the data blocks 
as little as possible, and with very low overhead. An RTOS that 
creates unnecessary copies of the data blocks to pass from pro¬ 
cess to process is a real performance killer. An efficient way of 
handling blocks is to offer pipes to flow data from one process to 
another while noting the processor’s memory-handling schemes. 

With so many concerns about using an RTOS in a DSP- 
based project, it may seem that it’s not worth the effort—a feel¬ 
ing common to experienced DSP developers, charter members 
of “The Society to Save a MIP.” Over the past decade, the mi¬ 
croprocessor world has increasingly had to deal with projects 
too complicated to finish under tight time constraints without 
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Comparative Process Scheduling Times 

Schedule DSP process from Control process 

225 cycles 

Schedule DSP process from an ISR 

63 cycles 

Schedule DSP process from another DSP process 

82 cycles 

Schedule a control process from another control process 

354 cycles 


Table 1 Operation times for control and DSP process 
scheduling on a Freescale StarCore processor. 


looking at the development process. They have shifted from cus¬ 
tom to commercial RTOS designs to simplify the process, im¬ 
prove maintainability and evolution, and achieve a high degree 
of code reuse. 

The DSP world today faces the same issues. The essence of 
the solution is to fit the processor to the application and choose 
an RTOS that complements the processor capability and the re¬ 
quirements of the application. With proper CPU selection and 
by scaling the RTOS to meet the application’s requirements, the 
developer will be able to build more efficient and responsive sys¬ 
tems, delivering more functionality at a lower cost, d 

Quadros Systems 
Houston, TX. 

(866) 879-7892. 

[www.quadros.com]. 
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COM Express Module Uses Intel Core Duo Processor 

A new COM Express CPU module integrates an Intel Core Duo 
processor L2400, together with the Intel 945GM Express chipset and 
the matching southbridge ICH7-M. Intel Core Duo dual kernel proces¬ 
sors combine the advantages of two high-performance processor kernels 
with intelligent power management. The Toucan from Lippert Embedded 
Computers has all interfaces defined by the COM Express specification. 
These are routed to a custom specific baseboard using suitable connec¬ 
tors. The chipset features, among other functions, fast graphics and display 
controllers, which drive display devices over either 
CRT or LVDS. If necessary, an external graph¬ 
ics controller can be connected using the PCI 
Express (PCIe) xl6 lane. More high-speed 
peripherals may be connected via the four 
available PCIe xl lanes. Gigabit Ethernet, 
serial ATA and IDE are also on board, as well as 
eight USB 2.0 ports and sound output. Up to 2 Gbyte 
RAM provide enough memory, even for large applications. 



The module has built-in hardware monitoring and status LEDs 
show the current state of the module. The integrated Intel Active Man¬ 
agement Technology (AMT) functions allow remote diagnostics and 
firmware updates over the network. The Toucan is especially developed 
for use in extreme environmental conditions (-40° to +85°C, shock and 
vibration) and does not need to be actively cooled. The Toucan runs 
standard operating systems like Windows XP and Linux. The RoHS- 
compliant module is optionally available for the extended temperature 
range of -40° to +85°C. Quantity 100 pricing starts at $799. 


Lippert Embedded Computers, Atlanta, GA. (404) 459-2870. 
[www.lippert-at.com]. 


Microstepping Drive Has Programmable Resolution 

Single-axis motion controllers 
have a basic cost advantage over off- 
the-shelf, card-based approaches, as 
well as fewer cables and greater re¬ 
liability. One such drive is the mi¬ 
cro stepping version of Performance 
Motion Devices’ ION Digital Drive, 
which also features microstepping 
resolution that is programmable up 
to 256 microsteps/step. 

ION is a fully enclosed module that delivers high-performance 
motion control, network connectivity and amplification for DC brush, 
brushless DC or step motors. It is targeted toward medical, scientific, 
semiconductor, automation, industrial and robotic applications. The 
ION Microstepping version supports two-phase bipolar motors and can 
automatically switch between user-defined current modes. The drive in¬ 
cludes asynchronous serial (RS-485) or CANbus network communica¬ 
tions, as well as precise current control. 

Selectable profiling modes include S-curve, trapezoidal, velocity 
contouring and electronic gearing. The ION Microstepping version ac¬ 
cepts commands over the communications network, such as position, 
velocity, acceleration and jerk, and generates a corresponding trajectory 
on-the-fly. Additional features include 500W capability, 8 Amps contin¬ 
uous current and 15 Amps peak current, a 102 microsecond servo loop 
rate and field-oriented control. Prices start at $223 in OEM quantities. 

Performance Motion Devices, Lincoln, MA. (781) 674-9860. 
[www.pmdcorp.com]. 



VITA 31 VME Board Targets Rugged Mission- 
Critical Apps 

The CPC600 from Fastwel is a COTS product built for highly reliable 
mission-critical VME systems. The board is based on an Intel Pentium M 
processor running at up to 2.0 GHz and supports up to 2 Gbytes of DDR 
SDRAM with ECC. It is equipped with an Intel 82855GME GMCH & 
Hance Rapid ICH chipset. 



All components including CPU, SDRAM and a 32 Mbyte solid-state 
disk may be soldered on board thus providing superior shock (50g) and 
vibration (5g) resistance. Four Gigabit Ethernet ports and 
conformance to the VITA 31 specification makes 
CPC600 a platform suitable for robust re¬ 
dundant systems. Live Insertion support, 
smart temperature control, HW monitor 
and watchdog timer make CPC600 suitable 
for mission-critical applications. Software 
support for this SBC includes MS DOS, Win¬ 
dows 2000/XP/CE, QNX and Linux. 


A key element of the crash safety subsystem is 32K non-volatile 
RAM where the user application can keep critical data and system log, 
which should be kept even if power fails. CPC600 also has 64K EEPROM 
memory for user applications. The board has a multi-drive direct mount¬ 
ing feature—it supports 2.5” and 1.8” HDD simultaneously. The board is 
rated to withstand operating temperatures from -40° to +85°C. Pricing 
starts at $2,987. 


Fastwel, Moscow, Russia +7 (495) 234 0639, [www.fastwel.com]. 


Virtual Platform Available for Multi-Threaded 
MIPS32 34K Cores 

To design high-performance embedded systems with the MIPS32 
family of 34K cores requires an understanding of multi-threading tech¬ 
niques. A new version of the Virtio Virtual 
Platform, the VPMM-SC, lets development 
teams perform in-depth evaluations of this 
technology’s impact on their designs. 

The VPMM-SC Virtual Platform pro¬ 
vides fast system simulation of the MIPS32 
34K core-based MALTA development board. 

Developers can quickly reconfigure the 
MIPS32 34K cores in a variety of different 
multi-threading configurations and evaluate 
the system impact with detailed internal core 
statistics. The platform uses a combination of 
C-code, graphical modeling and transaction- 
based modeling to replicate the full functionality of the MALTA board 
in a PC-based simulation. 

The VPMM-SC supports the MIPS32 4KE, 24K and 34K core fam¬ 
ily members and offers a choice of instruction-accurate and cycle-accu¬ 
rate CPU models. The VPMM-SC supports standard operating systems 
such as Linux. It can execute binary code files that target the MALTA 
board and integrates with essential software development tools such as 
Green Hills MULTI and GDB debuggers. Pricing starts at $1,990. 

Virtio, Campbell, CA. (408) 341-0844. [www.virtio.com]. 
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VMEbus SBC Provides Dual PowerPC 7447s at 1GHz 


Targeted at high-end applications for defense, aerospace and com¬ 
pute-intensive operations, a new VMEbus-based single board computer 
(SBC) also provides a set of PC system functions that make it a self-con¬ 
tained single board computer with workstation features. The Maverick 
from General Micro Systems has two 1 GHz 7447 PowerPCs with 128-bit 
AltiVec technology, on-die 512 Kbytes L2 caches, up to 1 Gbyte of DDR 
SDRAM provided by SODIMM modules, full Symmetric Multi-Pro¬ 
cessing support and the Discovery-Ill system controller. Additionally, 32 
Mbytes of application flash and 2 Mbytes of bootable flash let users store 
reasonable-size programs on board, eliminating the need to download. 



Two 64-bit, 66/100 MHz PMC expansion 
sites—one with rear I/O—offer design 
flexibility for customization to spe¬ 
cific needs. This makes the board 
suitable for uses such as image pro¬ 
cessing, signal processing, data analy¬ 
sis and high-end machine control, as well 
as for applications in radar and sonar systems 
and systems used for training, simulation and targeting. The Maverick 
incorporates dual USB, IDE DMA-100, Serial, PS2 mouse and keyboard 
and ultra SCSI 320/160 with differential output. For flexibility in setup 
and operation, the V394 offers three Gigabit Ethernet ports, one Multi- 
Protocol Sync/Async Serial port, parallel port, 21 Discreet Digital I/O 
lines, and front panel LEDs for POST code and Status display. Support 
for Linux, QNX and VxWorks operating systems is standard. Pricing 
starts at $2,600 for quantities of 100 units. 


General Micro Systems, Rancho Cucamonga, CA. (909) 980-4863. 
[www.gms4sbc.com]. 


M2M Communications Terminal 

By now, a lot of industrial equipment has been connected to the 
Internet. But not all M2M communications terminals are equal in ca¬ 
pabilities, features and cost. The eDindus terminal from eDevice han¬ 
dles most of the tasks involved when connecting industrial 
equipment to the Internet over GPRS, PSTN (V90) 
and Ethernet networks. 

The eDindus includes an FTP client, 
an e-mail client and a customizable Web 
server. The terminal’s software develop¬ 
ment kit (SDK) allows scripts to be created 
and embedded in an interpreted language. A 
16-bit ATMega microprocessor manages the 
Modbus protocol and allows specific C-coded 
client modules to be embedded in the terminal. The 
internal eDmod module manages network connectivity, while an 
Atmel 16-bit microcontroller runs I/O and C-code components. 

eDindus can be connected to any equipment through a wide range 
of hardware interfaces, including RS-232/ RS-422/RS-485, analog and 
digital input/output and dry switch. The terminal is packaged in a rug¬ 
ged DIN-rail plastic casing with screw connectors. Additional connec¬ 
tors include nine external general-purpose I/O software-configurable as 
digital I/O or a 10-bit A/D converter and 50 internal general-purpose I/O 
with HE14 connectors. The terminal features 2kV galvanic isolation and 
an 8 to 60VDC power input, with an optional 110 to 220V power supply. 
Pricing is $240 for the eDindus300 with GPRS Internet module. 

eDevice, Merignac, France. +33 (0) 5 56 12 77 79. 
[www.edevice.com]. 



AMC Module Runs Pentium M at 2.0 GHz 


A processor module suitable for AdvancedTCA, MicroTCA and pro¬ 
prietary platforms, the PR AMC/33x from Concurrent Technologies is a 
single-width, full-height AMC processor module supporting the 2.0 GHz 
Intel Pentium M processor 760. The PR AMC/33x also supports the Intel 
E7520 server chipset, which interfaces up to 2 Gbytes soldered DDR2-400 
ECC memory giving a peak memory bandwidth of 3.2 Gbytes/s. To provide 
a higher MTBF and improve cooling, all components are soldered including 
the memory and processor. The PR AMC/33x is designed in compliance 
to AMC.O (including full hot swap and IPMI capabilities), AMC.l Type 8 
(PCI Express x8), AMC.2 Type E2 (2x Gigabit Ethernet) and AMC.3 Type 
S2 (2x Serial ATA150 ports). The module also features two USB 2.0 ports, 
two RS-232 ports and 1 Mbyte application flash. 



The processor supports a 533 MHz Front Side 
Bus, 2 Mbytes L2 cache with an enhanced data 
pre-fetcher, merges CPU operations 
with micro-ops fusion, and has ad¬ 
vanced instruction prediction of 
I program branches, dedicated stack 
manager in hardware, intelligent 
power distribution (clock gating based on 
program demand), Deep(er) Sleep Alert States 
and Enhanced Intel SpeedStep technology. The Intel E7520 includes 
three 8x PCI Express links and a DDR2-400 memory interface to help 
increase I/O bandwidth and reduce system latency for data-intensive ap¬ 
plications. Supported operating systems include Linux, Windows 2000/ 
Server 2003/XP/ XP Embedded, QNX and VxWorks. Pricing starts at 
$1,735. 


Concurrent Technologies, Colchester, UK. +44 1206 752626. 
[www.cct.co.uk]. 


Modules Offer High-Speed Simultaneous 
Measurement via USB 


Simultaneous analog input multifunction data acquisition mod¬ 
ules for USB 2.0 are now available in the form of Data Translation’s 
DT9832 Series. The DT9832 Series offers 
two or four channels of simultaneous, 16-bit 
analog measurement at throughput speeds 
up to 2 MHz per channel. This series offers 
very fast simultaneous sampling of four in¬ 
dependent analog channels addresses the 
needs of customers who are attempting to 
correlate physical phenomena at the same 
exact instant in time. Now they can do this 
with fast frequency component signals as found in semiconductor de¬ 
vice characterization, nanotechnology testing, scientific analysis, drug 
discovery and automotive testing. 

Each analog channel in the DT9832 Series has its own 16-bit 
A/D converter that utilizes a common clock and trigger for simultaneous 
and synchronous sampling of all analog and digital inputs at the exact 
same instant in time. Throughput per channel for the DT9832 is 1.25 
MHz on four 16-bit analog inputs. Throughput for the DT9832A is 2.0 
MHz on two 16-bit analog inputs. Two 32-bit counter time channels of¬ 
fer flexible clocking and triggering and three quadrature decoders allow 
determination of X/Y positioning and rotation. All subsystems operate 
synchronously at 48 MHz. Pricing for both versions starts at $1,970. 



Data Translation, Marlboro, MA. (508) 481-3700. 
[www.datatranslation.com]. 
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CompactPCI Core Duo CPU Module Also Offers 
CompactPCI Express 


The F15 single board computer from MEN Micro can occupy a 
single 32-bit/33 MHz system slot on the CompactPCI bus or be used 
as a stand-alone single Eurocard. The module is powered by the new 
Intel Core Duo dual-core processor and is available with either the 1.6 
GHz, 15W version or the 2.0 GHz 31W version. The board also uses 
the new Intel 945GM chipset, which allows for six PCI Express and 
two SATA lines for communication needs besides the conventional PC 
functions. The F15 can be used as a system slot board in CompactPCI 
using the J1 andJ2 bus connectors. Alternatively, it can be fitted with a 
CompactPCI Express-compatible side card in a hybrid backplane that 
supports CompactPCI Express. In the latter case, the side card’s 
newly defined ADF-HF and eHM con¬ 
nectors route some of the available PCI 
, Express lanes to the backplane. 

Memory consists of up to 2 
Gbytes of DDR2 DRAM plus a Com¬ 
pactFlash slot that can alternatively 
be equipped with a 1.8-inch hard 
disk. Front panel I/O includes a VGA 
graphics connector, two PCI Express-driven 
Gigabit Ethernet interfaces and two USB 2.0 ports. The 
F15 can also be fitted with different side cards for use in 6U 
systems and the incorporation of additional I/O functions. The board 
comes with board support packages for Windows, Linux, VxWorks and 
QNX operating systems. Single unit pricing starts at $2,154. 



MEN Microelectronics, Lago Vista, TX. (512) 267-8883. 
[www.menmicro.com]. 


COM Extends Design Life of ETX-Based Systems 

A new XTX 820 Computer-on-Module (COM) from Ampro Com¬ 
puters gives OEMs access to the latest chipset technology without the 
need to completely redesign their ETX baseboards. Based on a Pentium 
M with performance of up to 1.8 GHz, the XTX 820 COM retains leg¬ 
acy peripherals while offering the latest high-speed interconnect and 
storage technologies. 



The XTX 820 COM plugs into a baseboard to allow customization 
of board size and shape, I/O circuitry, connector locations and easy mi¬ 
gration to higher performance modules. It includes 1 GHz, 1.4 GHz 
or 1.8 GHz processors, the Intel 915GM chipset and up to 1 Gbyte of 
DDR 400 RAM. For expansion and connectivity, the COM features six 
USB 2.0 ports, EIDE and SATA interfaces, 
10/100 Ethernet, PCI expansion and RoHS 
compliance. 

Full ACPI 2.0 support, including 
S3 suspend-to-RAM, is included. 
AMI BIOS provides full support for 
wake-up devices including LAN, 
keyboard, mouse, power button 
and PCI or SMBus activity. XTX 
820 QuickStart Kits include drivers 
and Board Support Packages (BSPs) for Win¬ 
dows XP, Windows XP Embedded, Windows CE 5.0, 
VxWorks and QNX, and a full Linux 2.6 distribution (Fedora Core 3). 
Prices start in the low $500s in moderate quantities. 


Ampro Computers, San Jose, CA. (408) 360-0200. 
[www.ampro.com]. 


Backplane Implements New VXS Processor 
Mesh Architecture 

The VXS Processor Mesh architecture recently proposed to VITA 
delivers 112.5 Gbytes/s of aggregate throughput within the processing 
mesh in a single chassis, a 6x improvement over currently available tech¬ 
nology. The industry’s first 12-slot backplane 
that implements this architecture is now avail¬ 
able from Elma Bustronic. 

This hybrid backplane was developed to 
enable a switch/processor mesh technology for 
applications requiring multiple boards for appli¬ 
cation processing. It implements two VME64x 
slots, three VME64x/VXS payload slots and 
six VXS switch slots. Each switch slot imple¬ 
ments twenty x4 links for a total of 25 Gbytes/s 
per switch slot. The system architecture supports throughput of up to 7.5 
Gbytes/s between the I/O front-end and the processing mesh. 

Other features include a rear-facing I/O slot that conglomerates all of 
the payload slot rPO reserved pins, 16 pins dedicated to user I/O from each 
of the processor slots and two channels served by the dual-dual star VXS 
fabric switch. Pricing begins at $3,000, depending on configuration. 

Elma Bustronic, Fremont, CA. (510) 490-7388. 
[www.elmabustronic.com]. 



Four Embedded Platforms Based on New Intel 
Core Duo 

Kontron is introducing four embedded computing platforms with new 
Intel Core Duo dual-core processors: a mini- 
ITX motherboard, a 3U and a 6U CompactPCI 
board, and an ETXexpress module, which 
meets the COM Express specification in ac¬ 
cordance with PICMG COM.O. Each Kontron 
board is equipped with the 2 GHz Intel Core 
Duo processor T2500; three of them with the 
Mobile Intel 945GM Express chipset and the 
6U CompactPCI board with the Intel E7520 and 6300ESB. They all offer 
up to twice the performance of the Pentium M processor at the same GHz 
clock speed. Power consumption, at up to 31W, is extremely low. These new 
boards are expected to make integration of two or more previously stand¬ 
alone applications into a system possible without any interference between 
them. These new processor features can help significantly reduce hardware 
costs and time-to-market for OEMs. Applications such as visualization and 
control will also be able to be implemented in one system with various op¬ 
erating systems, while maintaining hardware costs under control. Kontron 
will introduce a total of more than ten different embedded computing plat¬ 
forms with these new Intel Core Duo processors to the market in 2006. 

The Kontron mini-ITX board with dual core is targeted at classic 
IPCs as well as interactive gaming machines with two monitors for two 
players. Its essential advantages over commercial boards are its long-term 
availability and low power consumption. The Kontron 3U CompactPCI 
with dual-core processor is aimed at performance-hungry, high-availabil¬ 
ity and robust industrial applications. The 6U CompactPCI board with 
IPMI brings higher CPU density primarily in the telecom and datacom 
sector as well as in the high-end medical and image processing sector, 
helping in saving space. The ETXexpress modules offer dual-core per¬ 
formance for customer-specific embedded designs. Pricing starts at ap¬ 
proximately $256 for the mini-ITX (plus processor), $1,000 for the ETX¬ 
express module and between $2,400 and $3,150 in OEM quantities. 
Kontron America, Poway, CA. (888) 294-4558. [www.kontron.com]. 
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Parallel DSP Board Offering 72 GIPS of 
Processing Power 

A new parallel DSP board provides over 2000 Mbytes/s of concur¬ 
rent onboard I/O and the ability to combine any number of customer- 
specific channels of data for up to 500 Mbytes/s of continuous data in¬ 
put from an external source. The PMP1000 from Signatec harnesses 
up to nine Texas Instruments TMS320C6414T DSPs. The board maps 
64 Mbytes of memory directly into each of the eight processing DSPs, 
and incorporates a parallel DSP operating system. Operating at a clock 
rate of 1 GHz, each DSP is capable of executing up to 8 instructions per 
clock cycle for a peak processing performance of 8 GIPS per DSP, or 72 
GIPS for the entire board. A four-DSP option also available. 



PMP1000 includes three data interfaces. The primary interface 
is the PCI-X host interface, which can transfer data at peak rates of 

up to 1 Gbyte/s when the board 
is installed in a PCI-X slot 
with 64-bit data at 133 MHz. 
The board can also be oper¬ 
ated in lower performance PCI 
slots, including both 64 and 32 bits 
from 133 MHz to 33 MHz. The second is 
the Signatec Auxiliary Bus (SAB), which can sus¬ 
tain transfer rates up to 500 Mbytes/s with other Signatec 
products. This interface supports up to eight boards. The third 
external bus interface allows for high-speed external interface connec¬ 
tions up to 500 Mbytes/s to any customer-specific bus or combination of 
buses. Pricing starts at $8,400 for the four-DSP version. 


Signatec, Corona, CA. (951) 734-3001. [www.signatec.com]. 


Hybrid FPGA/PowerPC Processor Is Fully Rugged 

In applications demanding increasingly powerful front-end signal 
processing, lots of compute power and ruggedization are needed. A new 
hybrid FPGA/PowerPC processor card from Radstone is available in 
four ruggedization levels. 

The V4DSP features dual Virtex-4 FX 60/100 FPGA processing 
nodes combined with a Freescale MPC7448 PowerPC processor operat¬ 
ing at speeds of up to 1.4 GHz. 


The MPC7448 PowerPC’s AltiVec general-purpose processing 
node can be used as the first back-end application processing stage to 
reduce chassis slot count. The card has two StarFabric ports at the P0 
connector to enable multiboard connectivity. For mezzanine support, 
either a 64-bit/66 MHz PMC site can be configured, 
or an XMC site equipped with eight multi¬ 
gigabit transceivers to the two Vir¬ 
tex-4 nodes, each operating at up 
to 3.125 GHz. 

Included are a Radstone 
Board Support Package (BSP) and 
V-Wrap, a comprehensive FPGA in¬ 
tellectual property (IP) wrapper, which 
is Radstone’s pre-prepared set of VHDL 
interfaces to the Virtex-4’s embedded I/O 
and memory. Also included is support for Radstone’s acclaimed AXIS 
Advanced Multiprocessor Integrated Software environment for develop¬ 
ing highly scalable multiprocessor systems. The V4DSP is available in 
four ruggedization levels. Price for a single, level-one unit is $13,606 in 
OEM quantities. 



Radstone Embedded Computing, Towcester, UK. 
+44 (0) 1327 359444. [www.radstone.com]. 
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MISSION CRITICAL «« 

tfafa storage modules 



Extreme Comprehensiveness: We offer the most comprehensive VME/cPCI 
storage product line in the world, offering device alternatives for 
any standard or unique application. 

• Solid State Disk • Removable Hard Disk 
• Tape Drives • Optical Disk • PCMCIA Adapter 
Extreme Performance: Our VME products feature extreme speed, capacity and 
ruggedly reliability with 320 MB/sec throughput enabled by 
LVD SCSI technology, storage capacity of more than 600 GBs 
per module and a 1,400,000 hour MTBF. 

Extreme Quality: Phoenix International is the only 
manufacturer of VME data storage products that is 
ISO 9001:2000 Certified. 



- BIlAr it iy. 

I HU tin a 

INTERNATIONAL 


Phoenix International Systems, Inc. An ISO 9001:2000 Certified SDV0SB 

714-283-4800 • 800-203-4800 • www.phenxint.com 



U : Jri ooririeoted 
rPVA v/mtm 


Data Acquisition 

<9 2 ch 210Msps 12 bit A/D 
9 2 ch IdOMsps 16 bit D/A 
^ Configurable digital IIDe 
J Vimx-ll FPGA (1.6Ml or 3M] 


Configurable 
Digital I/O 

^Virtex*ll FPGA 1M gates 

Configurable Digital I/Os 
JRS232/486 and LVPECL 


^ USB 2 or Standalone 


t^USB 2 or Standalone 


Programmable hardware with cables, device drivers, loading 
tools, examples and Power Supply. 


Systems can be usod connected to a PC using USB, or can 
function stand alone (wit haul USE) using the initial is alien 
PROMs. 

sal os@bunteng.co.uk, +44 [0)1278 7&Q188 
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Carrier Card Delivers 10X Boost in Image 
Processing Speed 

When designing complex, high-performance image processing 
subsystems for advanced industrial inspection, designers want to in¬ 
crease performance and reduce system size. With that 
in mind, TEK Microsystems has 
introduced a carrier card that 
can reduce board count by up 
to 40%, as well as slashing 
weight, power and volume. 

The PowerRACE-3A com¬ 
bines high-density PowerPC 
and FPGA processing engines, 
an onboard switched fabric, and 
PMC interfaces. High speed I/O and 

image processing are done in a single slot, while FFT, pulse compres¬ 
sion and image processing are handled on PMC carriers. The card uses 
two 800 MHz 440GX PowerPC processors to support high throughput 
without incurring host processor overhead. An onboard fabric allows 
each PMC site to transfer data concurrently to off-board RACE++ ports, 
FPGA processing or memory, eliminating fabric contention and maxi¬ 
mizing overall system performance. 

Included with the PowerRACE-3A is the tekX software environ¬ 
ment, which provides tools for fabric configuration, buffer management, 
data transfer, interprocessor communications, data storage/playback and 
integration of streaming FPGA and I/O modules. The PowerRACE-3A 
is available 10 to 12 weeks ARO. Pricing begins at $17,995. 

TEK Microsystems, Chelmsford, MA. (978) 244-9200. 
[www.tekmicro.com]. 



OPTO Expansion Card Delivers I/O Voltage 
Isolation 


High-performance, I/O-intensive industrial control applications 
often require high-voltage isolation. The flexible I/O base address range 
and 16-bit pass-through connector in 
a new user-configurable EPIC-sized 
OPTO expansion card from Micro/sys 
is designed for rugged, industrial sys¬ 
tems with analog and digital I/O that 
require high-voltage isolation. 

The OPTO 104 accommodates 
eight industry-standard digital or ana¬ 
log OPTO plug-in modules, as well as 
PC/104 CPU or I/O cards. Any combination of digital or analog I/O 
modules can be plugged into the 4.53-in. x 6.50-in. board. For applica¬ 
tions demanding more I/O, up to four OPTO104 boards can be con¬ 
nected in a slave configuration using a 26-wire ribbon cable. This pro¬ 
duces 32 available slots for OPTO 22 G4 modules for AC or DC digital 
I/O, and/or Grayhill G5 modules for analog I/O. All of these modules 
offer opto-isolation up to 4000V. 

The board operates at 5V ± 5%, with an extended operating tem¬ 
perature range of -40° to + 85°C. Alternately, DC/DC converter options 
allow input voltages from 9V to 75 V. A user-selectable jumper can bleed 
off common mode leakage current to the negative inputs or to safety 
ground. Price is $375 in single quantity. 



Micro/sys, Montrose, CA. (818) 244-2600. [www.embeddedsys.com]. 
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Reliability. Scalability. Mobility...on a gateway blade. 


Open architecture drives costs down and performance up. 


Modular VoIP "blades" based around standard, interoperable modules 
like PMC and AdvancedMC reduce costs by limiting the number of unique 
blades that telecom OEMs and carriers have to purchase and stock. 

A softswitch or media gateway controller can be deployed in a minimal 
configuration and scaled up later (to OC-3 and beyond) without replacing 
the whole blade and without taking it offline. SBE provides high-performance 
DSP resource modules that deliver premium carrier class voice processing 
with world-class features using Texas Instruments' DSPs with Telogy 
Software. In addition, these modules support transcoding and transrating 
to enable the integration of voice, video, data, and wireless. 

SBE products are scalable from daughterboard modules to complex 
gateway blades, and provide telecom carriers/service providers 
with a choice of programmable voice platforms featuring SBE's 
line of network interface cards, ranging from T1 and T3 to Gigabit 
Ethernet and IPsec/SSL/WLAN acceleration. Full Linux support 
is available on every board. 
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PMCs: 

They’re the Real Thing 

Since its inception, the PMC has added power and flexibility, first 
as easily configured I/O, up to and including switched fabrics, and 
later to adding processor power. The PMC continues to evolve today, 
giving developers ever-increasing options. 


by David Compston 

Radstone Embedded Computing 


T he PCI Mezzanine Card is rapidly achieving prominence 
as the key element in any system solution. It delivers high 
performance and wide-ranging functionality in a form that 
is cost-effective, enables easy upgradeability, is small and light¬ 
weight, consumes little power and enables system designers to 
employ cutting-edge technology in systems that may have been 
conceived several years ago. Importantly, the PCI Mezzanine 
Card (PMC) is an industry standard, its specifications defined 
by IEEE, and as such conforms with then Defense Secretary 
William Perry’s mandate that military buyers—an influential 
element of the total market—should choose commercial off-the- 
shelf (COTS) solutions where possible. 

It is a standard that is widely supported, with an enormous 
range of products available—meaning that competition is in¬ 
tense, and prices are low. It is capable of being ruggedized such 
that it can be deployed, if necessary, in harsh environments. And, 
best of all, the whole philosophy of the PMC revolves around 
modularity, upgradeability, technology insertion and the ability 
to seamlessly boost the performance and capability of legacy 
systems. 

Although the standards for PMCs were not agreed upon 
until the middle of 2001, product had been shipping to the 


marketplace for over five years. As a concept then, the PMC 
has been around for a decade or more—and it’s no surprise to 
hear industry commentators opine that, over that period, sev¬ 
eral thousand different PMC devices have been created. What 


Industry Standards Relevant to PMCs 


Reference 

Defines 

IEEE 1386 CMC 

Form-factor, connector, electrical interconnects 

IEEE 1386.1PMC 

Mapping of PCI bus signals 

VITA 20-2001 

Conduction-cooled PMC 

VITA 32 

Processor PMC 

VITA 39 

PCI-X 

VITA 42 (XMC) 

High-speed 1/0 and fabric support 

VITA 46 

New 311 and 6U form-factors for advanced applications 


Table 1 VITA has played a key role in defining standards 
for PMCs. 



Get Connected with companies mentioned in this article. 

www.rtcmagazine.com/getconnected 


March 2006 FMH71 




















IndustryWatch 



has been interesting to follow has been the development of the 
PMC and the way in which it has been capable of responding to 
changing customer needs—and the extent to which, today, there 
is a case for saying that the majority of the key functionality in 
any system is delivered, not by the carrier card or host, but by 
the mezzanine card. 

In fact, it is probably true to say that the PMC was originally 
created by both the VMEbus and CompactPCI communities in 
order to provide more flexible I/O capabilities than was otherwise 
possible. While applications for PMCs have broadened since that 
time—the advent of the processor PMC, for example, together 
with graphics mezzanines and mezzanines for applications such 
as software defined radio—their primary purpose continues to be 
in the field of providing off-board communications, with today’s 
products giving existing systems access to the brave new world 
of serial switched fabrics. 

The Role of VITA 

The VMEbus community has continued to play a leading 
role in the development of the PMC, notably via VITA—the 
VMEbus International Trade Association (Table 1). VITA’s first 
contribution was the VITA 20-2001 standard, which defined the 
conduction-cooled PMC (CCPMC) that is an absolute require¬ 
ment for harsh environment applications. Providing the neces¬ 
sary thermal interfaces to a similarly conduction-cooled carrier 
board, the CCPMC also features extended provision for environ¬ 
ments in which shock and vibration are present. 

A natural outflow of the increasing focus on COTS solu¬ 
tions—among military customers, for example—was that it 
would, in theory at least, allow access to successive generations 
of increasingly powerful microprocessors that would appear 
with astonishing rapidity, promising the performance enhance¬ 
ments that were necessary to keep the capability of systems in 
line with the demands being placed on them. The wholesale re¬ 
placement of entire systems on a regular basis is, of course, un¬ 
thinkable for the majority of customers—not only for cost rea¬ 
sons, but also for reliability/stability reasons—and so it was no 


surprise that VITA was also instrumental in creating the stan¬ 
dard for the processor PMC (PrPMC). Here, the concept was 
that new advances in processor technology could be simply 
and cost effectively leveraged by adding power through the 
addition of a mezzanine. In fact, the VITA 32 standard 
goes further in that it allows the mezzanine-based 
processor to be either the “monarch” (the main 
PCI bus processor) or to act as a slave processor 
in a loosely coupled multiprocessing system. 

Continual Evolution of the PMC 

The PMC also continues to demonstrate the inherent strength 
of the original concept in its ability to adapt to changes, not only 
in customer demands, but also in the computing infrastructure. 
Originally designed around Intel’s PCI architecture, the PMC has 
evolved as the PCI architecture has evolved—and, again, VITA 
has been prominent in defining (through the VITA 39 standard) 
how it has done so. PCI-X 2.0 is capable of eight times the band¬ 
width of PCI and thus of enabling substantial increases in per¬ 
formance, and VITA 39 defines PCI-X operations for both PMCs 
and PrPMCs. 

Originally devised to enhance the range of I/O options avail¬ 
able for VMEbus systems, the most recent developments in the 
PMC world have seen it returning to its roots, with the VITA 
42 standard (also known as XMC), which defines how a PMC 
will support very high-speed I/O and, notably, the serial switched 
fabrics—such as PCI Express, RapidIO and InfiniBand—that are 
attracting significant attention as a route toward very high-per¬ 
formance, immensely scalable solutions. The opportunity pre¬ 
sented by serial switched fabrics is also addressed by the VITA 
46 standard, which is rapidly nearing approval, and which will 
provide even greater opportunity for VMEbus systems designers 
to leverage their benefits (Figure 1). 

The increasing focus of many applications on communi¬ 
cations is serving to heighten the key role of the PMC: the 
network is, to all intents and purposes, the computer. In com- 
munications-centric applications, intelligence and processing 
power are widely dispersed throughout the total system. There 
is also increasing focus on compact and lightweight hardware 
solutions—attributes that the PMC has in abundance. A classic 
example of the type of application for which PMCs are destined 
is in the military, where unmanned vehicles are character¬ 
ized by a development path that sees them becoming smaller, 
lighter and thus much more widely deployed. Moreover, in 
these physically constrained environments, power dissipation 
is a key issue. Here too, the PMC, in its PrPMC form, repre¬ 
sents an attractive solution because of its performance/power 
ratio. 

The PMC Today 

If “flexibility” has been the watchword in terms of the de¬ 
velopment of the PMC, the most recent developments are serv¬ 
ing only to redefine what that means. Today’s mezzanine cards 
present the systems designer with an enormous range of options. 
For manufacturers such as Radstone, commercial success lies as 
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much with the range, power and functionality of the PMCs the 
company can offer as it does for “higher profile” products such 
as single board computers, graphics processors and digital signal 
processors. PMCs give customers access to 1553 communica¬ 
tions, high-speed serial and parallel interfaces, software defined 
radio, Ethernet, flash memory, serial switched fabrics, graphics 
and CAN Bus functionality—functionality that transforms a box 
of electronics into a solution. 

It is probably an overstatement to say that VITA 32 and 
the concept of a processor PMC defined a future in which 
the carrier board could be considered little more than a host. 
However, in today’s architectures, availability of a high level of 
processing power is a given from the carrier card: the rapidly 
emerging key functionalities for today’s applications are deliv¬ 
ered by the PMC. As such, there is a strong element of truth in 
the statement. 

Systems design has moved away from the monolithic ar¬ 
chitectures of the past, which were relatively inflexible and 
highly resistant to upgrade, and toward architectures, which 
are modular and easily—and cost-effectively—capable of being 
enhanced in line with the changing requirements of a dynamic 
marketplace. The PMC, in effect, enables a “future proof” 
system to be designed from the outset, without compromising 
initial performance. Even better: it allows the unforeseen to 
be comprehended. Who, for example, in 1995 could have pre¬ 
dicted serial switched fabrics? Beyond this, the standards that 


govern the PMC ensure maximum interoperability, providing 
systems designers with the opportunity to select at will from 
the products of a broad range of manufacturers, mixing and 
matching hosts and mezzanines to deliver the optimum—and 
most cost-effective—solution. That all of this is possible is 
largely due to the underlying strength of the concept and the 
increasing functionality and sophistication of the humble PCI 
Mezzanine Card, d 

Radstone Technology 
Billerica, MA. 

(978) 671-9490. 

[www.radstone.com]. 
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PCI BOARDS 
USB/104 

ANALOG & DIGITAL 1.0 BOARDS 
BUS EXPANSION KITS 
ISOLATED INPUT/RELAY OUTPUT 
WATCHDOG TIMERS 
SERIAL COMMUNICATIONS 


Complete Integrated PC/104 Embedded Systems 


' EBX, EPIC or PC/104 CPUs 
1 Fanless Operation 
' Scalable and Flexible I/O Interfaces 
1 Rackmount Versions 
1 Complete Software Solutions 
1 Custom Configured to Your Application 


■ Multi-function 12 and 16-bit analog 
I/O including high density signal 
conditioning & AWG 

■ Digital I/O up to 120 bits including 
models with counter/timers and 
change of state detection! 

■ 8,16, and 32-channel digital 
input/relay output boards 

■ Optically isolated and multi-port 
RS-232/422/485 serial 
communications 


DISTRIBUTED IK) 
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I I/O PRODUCTS, INC. 

10623 Roselle St., San Diego, CA 92121 

Fax: 858-550-7322 
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Event 

Calendar 

03/28/06 

Real-Time & Embedded 
Computing Conference 
Albuquerque, NM 
www.rtecc.com/albuquerque 

03/30/06 

Real-Time & Embedded 
Computing Conference 
Phoenix, AZ 

www.rtecc.com/phoenix 

04/03-06/06 

Embedded Systems Conf. 

San Jose, CA 

www.commdesignconference.com 

04/03-06/06 

Linux World Conf & Expo 
Boston, MA 

www.linuxworldexpo.com 

04/03-06/06 

22nd Nat’l Space Symposium 
Colorado Springs, CO 
www.spacesymposium.com 

04/03-07/06 

CTIA Wireless 2006 
Las Vegas, NV 
www.ctiawireless.com 

04/17-20/06 

Annual Nat’l Logistics 
Conf & Exhibition 
Miami, FL 
www.ndia.org 

04/19-20/06 

AFCEA Intelligence Symp. 
Washington, DC 
www.afcea.org 

04/25/06 

Real-Time & Embedded 
Computing Conference 
Greenbelt, MD 
www.rtecc.com/greenbelt 

04/27/06 

Real-Time & Embedded 
Computing Conference 
Boston, MA 

www.rtecc.com/boston 


If your company produces any type 
of industry event, you can get your 
event listed by contacting 
sallyb@rtcgroup.com. 

This is a FREE industry-wide listing. 
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Get Connected with technology and companies providing solutions now 

Get Connected is a new resource for further exploration into products, technologies and companies. 
Whether your goal is to research the latest datasheet from a company, speak directly with an Application 
Engineer, or jump to a company's technical page, the goal of Get Connected is to put you in touch with 
the right resource. Whichever level of service you require for whatever type of technology, 

Get Connected will help you connect with the companies and products you are searching for. 

www.rtcmagazine.com/getconnected 
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600 MBytes/second 
Record and Playback... 
...Delivered! 


In today's demanding data acquisition and sensor processing 
applications, speed is everything. More inputs, increasing 
channel densities and higher bandwidth place unprecedented 
demands on hardware. The new daqPC from ICS rises to 
this challenge with a leading 600 MBytes/second sustained, 
continuous record and playback speed — half as fast again 
as its predecessor, and way ahead of the competition. 



ICS 

SENSOR PROCESSING 


But it's not just powerful. It is also flexible, compact and 
easy-to-use — which means that the range of sonar, radar 
and radio applications for which it can be used is limited 
only by your imagination. 

Go ahead. Imagine. 


CHECK THE FULL SPEC NOW AT 

OR CALL TOLL FREE (US ONLY) 

www.ics-ltd.com/daqPC 

800-267-9794 or 613-749-9241 
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The design possibilities are wide open 

open 

OPEN MODULAR SOLUTIONS 


DESIGN AND DEPLOY 

Your new IMS infrastructure applications using Kontron 
AdvancedTCA / AdvancedMC modular solutions, 

Kontron si m ply takes the wo rry - and the expense - out of bu ildi ng co m plex IMS 
communication platforms for fixed-mobile networks. Whatever the application., 
you can design and deploy your project faster than you think with Fully integrated, 
open standard modular solutions that are application-ready, right off the shelf. 

That means reduced development costs for you r and tremendous "swap in - swap out" 
service flexibility for your carrier customers. It p s a very smart win-win go-to-market 
strategy For everything from data and signaling platforms to IP streaming multimedia 
applications for video-on-demand r real-time voice and video telephony. 

It s so simple. Start your next application with Kontron. 

> Go Open Standards > Go Kontron > Ask for an Eva l today > 


www.kDntfDn.com/ATCA 


AfimcetfTCR* 

JbmagMT 


SERVICE 

AVAILABILITY 




Inter 

CGmnwnfcflfUwA 

Allmnm 




AM4500 


AM4300 


AM4001 


XLSOOO 


AT8001 Processor 


ATS902 Base/Fabric Hub 


Computer On 
Modules 


Blades & 
Mezzanines 


CPU 

Boards 


Systems 


Mobile 

Rugged 


Custom 

Solutions 


1 MS 1 B-lIrt-aSkJi.Krtf iven.etfm — EWIEA **3 D HO 72527M ■ ASIA 2 2610 3522 




kontron 














